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INTRODUCTION. 


H E Author of the ad ſheets, with the utmoſt diffidence, 

ſubmits them to the peruſal of the public. Innumerable 
objections may undoubtedly be raiſed i in a ſubje& of ſuch great 
magnitude, he thinks too juſtly to imagine he can be always right; ; 
but he cannot help flattering himſelf ſome general good may be 
drawn from the A to be found in the preſent work. 


Tax mind of the man who ſolicits the public to countenance 
| his labours, muſt be more or leſs agitated as he feels himſelf 
unequal or ſuperior to the ſubject upon which accident or incli- 
nation may have led him to expatiate. If a name already high in 
the literary world, if acknowledged ſuperior abilities, or anterior 
publications, have marked an author as the proper object of 
public deference and reſpect, there is little doubt but the product 
of his pen will meet with that reception which its merit deſerves, 
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and a libera-minded age can beſtow. But when an individual, 


obſcure in his connexions, unknown amongſt the liſt of great 


names, without even the aid of an academical education, pre- 


ſumingly obtrudes himſelf to the notice of the public, and that too 


upon a topic which has engaged the attention and been adorned 


by the learning and penetration of the greateſt geniuſſes in every 


age, he may at once expect to be ranked amongſt madmen and en- 


thuſiaſts, and conſigned to that oblivion which his temerity ſeems 


ſo juſtly to merit. 


Ir is peculiarly the buſineſs of ohiloſophy to raiſe the mind 
above thote narrow prejudices by which the generality of man- 
kind are actuated ; encouraged by this idea, and the enlightened 


diſpoſition of the age, I look for a more favourable. reception 


than men under ſimilar circumſtances have formerly received. It 


is a diſagrecable talk to controvert old eſtabliſhed opinions, 


errors become lanctified by long preſeription, putting on the 


appearance and uſurping the place of truth ſo ſtrongly, that we 


will not believe we have been deceived ; this, however, expert 


ence evinces, is not unfrequently the caſe: many poſitions, 
which our anceſtors conſidered as orthodox and incontrovertible, 
have been found utterly unworthy the place they had obtained. 


Every object is now canvaſſed with the eyes of reaſon and philo- 


ſophy; ſo many errors have been detected, ſome men arc induced 
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to ſuſpect the very exiſtence of truth, and give up the purſuit as 
groundleſs; let not this, however, abate the ardor of our re- 
ſearches. It may be ſaid the works of our philoſophers bear evi- 
dent marks of that finiſhed artiſt, who unfortunately in his copy 
miſſed the outlines of the face. | 


Tur generality of philoſophers have conſidered all matter as 
paſſive and inert, and that whatever motion it is poſleſſed of was 
communicated by the DzrTY at the time of its creation. Accord- 
ing to Des Ca RTES, « Gor created matter of an indefinite exten- 
4 ſion, he then divided this matter into little ſquare portions or 
00 maſſes full of angles, and impreſſed two motions on this mat- 

« ter; one, whereby each part revolved round its center; another, 
2 whereby an aſſemblage or ſyſtem of them turned round a com- 
„ mon center: whence aroſe as many different vortices or eddies 
« as there were different maſſes of matter thus moving round com- 
« mon centers.” Sir ISAAC NEwTON, obſerving this hypotheſis 
of vortices preſſed with many difficulties, propoſed a ſyſtem 
wherein theſe difficultics ſhould be removed. Accordingly he ſup- 
poles that Gop formed matter into thoſe large ſpherical maſſes in 
which it is now found; that every particle in theſe various maſſes 
was impreſſed with a ſtrong paſſion or deſire, by virtue whereof 
they would conſtantly endeavour to unite with the particles of the 


other — ; then conſidering the celeſtial ſpace as void, 
- AS 5 theſe 
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theſe bodies were variouſly diſpoſed, and ſuch motions communt- 
cated as ſhould Juſt ſerve to counteract the propenſion of uniting, 


by which means a perfect harmony and due equilibrium is pre- 


ſerved throughout the whole. 


A man who, without any other aid than the ſtrength of his 


own mind, could raiſe a ſyſtem which at firſt ſight furniſhes ſo 


beautiful and perfe& a view, has certainly the higheſt claim to 


our admiration and regard ; this, however, ſhould not deter us 
from examining whether even ſuch abilities may not have been 


| deceived: the ſyſtem minutely inveſtigated will not prove a true 


copy of nature; on the contrary, it will be diſcovered, from a thou- 


ſand inſtances, theſe properties (the exiſtence whereof ought to 


have been firſt proved) upon which the very being of the ſyſtem 


neceſſarily depends, are no where to be found. 
I wouLD by no means impreſs my reader with a notion that 
the defectiveneſs of the Newtonian philoſophy is any new diſco- 


very, many have been its opponents, numerous its advocates, of 


the former I mult profeſs myſelf one; with how much reaſon, thoſe 


who chooſe to favour me with their attention muſt determine. 


Tur Theory (if the rude ſketches which are combined almoſt 
without. order or regularity in the following pages are worthy to 
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be ſo called) is the reſult of a thorough conviction, grounded upon 
experiment and the obvious appearances of nature, that the general 

opinion of ATTRACTION was ill-founded and abſurd; the more 
I examined the more forcibly this conviction preſſed upon my 
ſenſes, and encouraged, to a {trier ſcrutiny. The next ſtep was 
natural; if not from ATTRaAcT1oN, how then are the various phe- 
nomena of the univerſe produced Chance led me to adopt the 


idea upon which the theory is grounded; that matter muſt be diſ- 


tinct, of different properties, and not alike homogeneouſl ly Nuggiſh 


and inert, ind; ferent either to reſt or motion. —Polleſled with this 
opinion, I again had recourſe to experiments, and reconſidered : 
the objects around me; the path which was before intricate, per- 

plexed, and filled with 0 many obſtacles, ſeemed now diveſt of 
; theſe difficulties, appearing ſmooth and perfect; the various 


operations of nature no longer appeared inexplicable or contra- 


dictory, but each ſeemed to ſpring as a neceſſary conſequence of 


theſe * laws. 


11 it not be thought that I conſider myſelf as entitled to de- 
mand the attention of the philoſo phic world; I am fully aware how 


trifling my claim to the notice of men who poſleſs ſo many ſuperior 


advantages; did not experience declare how often important objects 


have been attained by means apparently as inadequate to the ac- 


compliſhment of ſuch effects as this crude production of my pen, 
I would 


85 


1; 
1 
{t 


| vi INTRODUCTION. 
I would never have dared to obtrude my opinions upon the 
public; but fatisfied with the purity of my views, and the juſt- 
"nels of my wiſhes, I ſubmit myſelf to their encouragement, or 
cenſure as their liberal judgments (taking in the whole circum- 
| ſtances of the caſe) ſhall think meet to award. 
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hy Page 36, I. 14, for that is the diſtance, read that i is at the diſtance, 


38, 1. 10, for The figure, x. figure the . 
50, 1. 6, for ſun's, r. moon's. 
20 1. 19, for C, r. c. | 
4, 1. 11, for lodged in particles, r. lodged 3 in the particles. 
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99, I. 11, for longer, r. larger. 

12), I. 6, for his, r. he.—Tbid. I. 7, dele he. 

339, bottom 1. for conformation, r. confirmations 
x31, |. 19, for increaſe, r. increaſes. 


138, J. 18, for would bad, F, would have had. 
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CER OC TT . HI 
REVIEW OF THE NEWTONIAN PRINCIPLES, 


H E. opinions of the ancients reſpecting the phenomena of 
motion are of little conſequence; their knowledge i in ſub- 
jects of this ſort, being entirely vague and hypothetical, can be 


of no uſe to us in the preſent 1 inquiry. 


Tux Carteſian hypotheſis 18 certainly very ingenious; and 
although it falls ſhort of accounting for the appearances of 
nature, yet as Dxs Cares, by introducing geometry into phy- 
ſics, has taught us 2 more certain method of reaſoning, we are 
undoubtedly under material obligation to this great man. 
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REVIEW OF THE NEWTONIAN PRINCIPLES. 


AH E opinions of the ancients reſpecting the phenomena of 
motion are of little conſequence; their knowledge i in ſub- 
jede of this ſort, being entirely vague and hypothetical, can be 


of no uſe to us in the preſent inquiry, 


TAE Carteſian hypotheſis is certainly very ingenious; and 
although it falls ſhort of accounting for the appearances of 
nature, yet as Des Ca KTES, by introducing geometry into phy- 
ſics, has taught us a more certain method of reaſoning, we are 
undoubtedly under material obligation to this great man. 
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Tax Newtonian philoſophy is a {till more ingenious ſyſtem, 
wherein we trace much depth of thought and acuteneſs of reaſon- 
ing; but even this theory is not without its objections, for we 


cannot conceive how the heavenly bodies act upon each other 


that is, how the ſun attract the earth and the planets, or the 
earth the moon, c. True philoſophy admits of no action but 
what is performed by immediate conracł and impulſion; of this 


Sir Isaac NewrTox N was ſenſible, for he ſays, he does not conſider 


attraction and gravity as cauſes, but as effects, produced by 
ſome unknown agent; and to convince us of this, he has given a 


query at the end of his Book of Optics, which runs thus: 44 Is. 


« not this medium ch - rarer within the denſe bodies of the ſan, 
« ſtars, planets and comets, than in the empty celeſtial ſpaces be- 
« tween them? And in paſſing from them to greater diſtances, 
« doth it not grow denſer and denſer perpetually, and thereby 


4 cauſe the gravity of thoſe great bodies towards one another, and 


« of their parts towar ds the bodies ; every body endeavouring to 


go from the denſer parts of the medium towards the rarer? For 


jf this medium be rarer within the ſun's body than at its ſurface, 


« and rarer there than at the hundredth part of an inch from its 


* body, and rarer there than at the fiftieth part of an inch from its 


body, and rarer there than at the orb of ſaturn, 1 ſee no reaſon 
« why the increaſe of denſity ſhould ſtop any where, and not rather 
© be continued through all diſtances from the ſun to ſaturn, and 


beyond. 
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beyond. And though this increaſe of denſity may at great 


* 


% diſtances be exceeding flow, yet, if the claſtic force of this me- 


e dium be exceeding great, it may ſuffice to impel bodies from the 


Bs denſer parts of the medium to the rarer, with all that power 


0 


* 


which we call gravity. And that the elaſtic force of this medium 


7 


0 


Ss excecding great, may be gathered from the ſwiftneſs of its vi- 
6 brations.” He proceeds to prove theſe vibrations muſt be ſwifter 


than light, to admit the alternate fits of eaſy tranſmiſſion and eaſy : 


reflection. 


SIR ISAAc- propoſes the above merely as an hypotheſis to be fur- 
ther inveſtigated ; ; ſome late authors have taken up the idea, but 
without turning it to: any material advantage; the doctrine does 
not ſeem very conformable to the ſimplicity of nature: : it is not 
eaſy to conceive how the equilibri ium of the power is preſerved, | 
nor, if there be any diminution, whence, or how, the deficiency 
is ſupplied; and further, if by this power the planets are prevented 
| from flying off from their center, of what conſequence 1 is the bulk, 
&c. of the central body? and it is no leſs difficult to underſtand, 
how any ſubtle matter is capable of acting on the internal parts 
of a body, ſo as to produce an effect in properticn to its quantity 


of matter. 


Bur, admitting the hypotheſis to be true, we are ſtill as tar 
from the main object of our reſearches; for without having re- 
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courſe to an agent, bodies would {till remain at reſt ; ſo that no 
light is hereby thrown upon the philoſophy of motion, but ra- 
ther more difficulties are added to the ſabject ; ſince if this 


medium be ſo much denſer on the ſides of bodies the furtheſt 


from the ſun, as to impel them towards it with that power which 


is called the attraction of gravity, the medium cannot be conceived 


ſo rare but it muſt impede their annular motion, and of courſe we 


muſt fappole an agent acting continually on the bodies of the 


planets, to preſerve that uniformity which 3 is found between their 


| velocities now, and formerly. 


TRE general principles of this philofophy are founded upon the 


evident phenomena and motions of the heavenly bodies, (viz.) 


Tur Sux is placed in the center of the ſyſtem, and revolves 


upon his axis in 25 days, 6 hours. 


Mercury revolves round the fun in 87 days, 23 hours; it is 


not known whether this planet turns upon his axis, no ſpots being 


perceptible on his ſurface, and the nearneſs of his orbit to the ſun 


prevents frequent obſervations: in Mr. Fzrcu: SON'S tables (from 


which all theſe numbers are taken) the diſtance of mercury from 


the ſun is 36.84 1.468 miles. 


VENUS 
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Vexvs revolves round the ſun in 224 days, 17 hours, and turns 
upon her axis according to ſome in 24 days, 8 hours, and accord- 


ing to others in about 23 hours; the diſtance of her orbit 
68.091.468 miles. 


TRE Ea RTH with the moon, revolves round the ſun 1 in 365 days, 
6 hours nearly, and turns upon its axis in 24 hours, diſtant 
from the center 9 5. 173. ooo miles: the moon revolves round the 


earth in 27 days, 7 hours, and 43 minutes, and turns upon her axis 


in preciſely the ſame time; the diſtance of her orbit from the 


center of the earth 240.000 miles. 


Maus completes a circuit round the ſun in 686 days, 23 hours, 
and turns upon his axis in 24 hours, 40 minutes: the diſtance of 


his orbit about 145. ooo. ooo miles. 


JorirER, With his four ſatellites, completes a circuit round the 
ſun, at. the diſtance of 494. 990.976 miles in 4332 days, 12 hours, 
and revolves upon his axis in 9 hours, 56 minutes. The neareſt 
ſatellite revolves round him i in 1 day, 18 hours, 36 minutes; the 
fecond in 3 days, 13 hours, 15 minutes; the third ; in 7 days, 3 hours, 
59 minutes ; and the fourth! in 16 days, 18 hours, 30 minutes; the 
diſtances of their orbits reſpectively are 229,000, 364.000, 


480.000 and 1000.900 miles. 
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SATURN, With his five ſatellites ond 1 ring, revolves * the cen. 
ter in 10.759 days, 7 hours, at the diſtance of about 905. 9 56. 130 


miles: no ſpots are perceptible on the ſurface of this planet, and 


therefore aſtronomers have not been able to aſcertain the period 
of his diurnal rotation. The orbit of the neareſt fatellite is diſtant 
140.000 miles, and performs a revolution in 1 day, 21 hours, 19 
minutes; the ſecond at the diſtance of 187.000 miles in 2 days, 17 
hours, 40 minutes; the third, at the diſtance of 363.000 miles, in 
4 days, 12 hours, 25 minutes; the fourth, at the diſtance of 
600.000 miles in 15 days, 22 hours, 41 minutes; and the fifth, at 
the diſtance of 1.800.000 miles, completes a circuit in 79 days, 
7 hours, and 48 minutes. Writers ſpeak differently of the thin 


broad ring which ſurrounds this planet, ſome ſay it is inclined 


W. degrees, and others, that it is parallel to the ecliptic: it is ſup- 


poſed to be 21.000 miles 1 in breadth, and about the ſame diſtance 


from the body of ſaturn. 


Cours move in long elipſes, and in every direction; it has 


been aſſerted there are at leaſt two or three-and-twenty belonging 


to our ſyſtem. 


From the above, and various other manifeſt effects, theſe 
general principles are deduced ; That the ſun is a body of fire, 


placed nearly 1 In the Center, communicating light and ! heat to the 


whole 


THE CAUSE OF MOTION. 7 
whole ſyſtem; that the planets revolve round him, and perſevere 
in their orbits, by what is called the attraction of gravity, or a due 

equipoiſe of the centripetal and centrifugal forces, deſcribing 
| equal areas in equal times. And to account for the or igin and 
continuance of the motions of the heavenly bodies, it is | ſuppoſed 
the planets were pr ojected by the arm of the Creator, and that 
they move in perfectly free and open ſpace; upon theſe prin- 


ciples, according to the Newtonians, all the phenomena of the 


| celeſtial bodies are explained. 


Bor light, or heat, which is the ſame thing, it is very evi- 
dent comes from the ſun with an inconceivable progreſſive rapi- 
dity, and a great variety of experiments clearly ſhew it is material, 
particularly that of collecting the rays by a mirror, when they are 
found to act preciſely the ſame as fire, expanding and repelling all 
bodies: now if theſe rays be fire, and fire acts uniformly the ſame, 
expanding and repelling all ſubſtances whatever, it may reaſon- 
ably be preſumed theſe effects are produced by the action of the 
ſun upon the bodies and atmoſpheres of the planets ; and therefore 
(if theſe premiſes are Juſt) inſtead of ſuppoſing the ſun is endued 
with an attraQive quality, it is far more reaſonable to aſſert his 


property is diametrically oppolite to that of attraction. 
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AxornER deduction is, that the celeſtial ſpace muſt be a perfect 
void; but it is ſufficiently obvious to our ſenſes, the rays of light, 


or matter, emitted from the ſun (as well as that from the fixed 


ſtars) fills the whole expanſe ; and as they are acknowledged to be 


material, it is demonſtrable the heavenly bodies do not move in 


abſolutely free and open ſpace. 


Tx ebbing oy flowing of the ſea, the cauſe whereof is : 
explained by Mr. Fzrcuson and others, is produced as the moſt 
incontrovertible proof of the exiſtence of the centripetal and cen- 


trifugal forces. The following is extracted from tracts publiſhed 
by this author, p. 311. 


1" Tax cauſe of the ebbing and flowing of the ſea on oppoſite 


« ſides of the globe. 


„TRE reaſon why the tides riſe on the ſide of the earth which 


« is at any time turned towards the moon is plain to every one, 


4. becauſe her attraction muſt occaſion a ſwelling of the waters to- 


« wards her on that ſide; but the cauſe of as great aſwell at the ſame 


« time on the oppolite {ide of the earth, which is then turned away 


from the moon, has been very hard to account for, becauſe the ri- 


66 


ſing of the tide there is in a direction quite contrary to the 


£6 


attraction of the moon; but this difficulty is immediately 


removed 
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„ removed when we conſider, that all bodies moving in circles 
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have a centrifugal force, or continual tendency to fly off from 


the centers of the circles they deſcribe, and this centrifugal 


force is always in proportion to the diſtance of the body from 


the center of its orbit, and the velocity with which it moves 


therein. When the body is large, the fide of it which is 


furtheſt from the center of its orbit, will have a greater degree 
of centrifugal force than the center of the body has ; and the 


ſide of it which is neareſt to the center of its orbit, will have a 


leſs degree of centrifugal force than its center has. 


& As the moon goes round the earth once every month in her 


orbit, the earth alſo goes round an orbit every month, which! is 


as much leſs than the moon's. orbit as the quantity of matter 


in the moon is leſs than the quantity of matter in the earth, 


which is 40 times: for by the laws of nature, when a ſmall body 
moves round a great one in free and open ſpace, both theſe bodies 


muſt move round the common center of gravity between them. 


#8 Tre moon's mean diſtance from the center of the earth is 


| 240.000 miles; ; divide this diſtance therefore by 40, the dif- 


ference between the quantity of matter in the earth and moon, 
and the quotient will, be 6000 miles, which is the diſtance of 
| C . e | the 
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the common center of gravity (between the earth and the 


moon) from the center of the earth. 


; „Now as the earth and moon move round the common cen- 
i ter of gravity between them once in every month, it is plain that 
| | 2 whilſt the moon moves round her orbit at 240. ooo miles from 
0 the earth's center, the center of the earth deſcribes a circle of 
| OO + 6000 miles radius round the common center of gravity between 
i the earth and the moon, the moon's attraction balancing the 
|! + centritugal force of the earth at its center. 

Tux diameter of the earth is 8000 miles in round numbers, 
e | EI 6 and conſequently | its ſemidiameter i is 4000, ſo that the ſide of the 
| RO Tok „ earth which is at any time turned towards the moon, 1s 4000 
; | - miles nearer the common center of gravity between the earth 
if -66 and the moon than the earth's center is, and the fide which is 
i then furtheſt from the moon is 4000 miles further from the 
|: : common center of gravity between the earth and the moon 
i ' than the earth's center is at that time. 


6 Tarnerons the radius of the circle deſcribed by the parts 


« of the earth which come about towards the moon, by the 


ol 


PP 


earth's diurnal motion, is 2000 miles; ; the radius of the circle 
„ deſcribed by the earth's center is 6000 ; and the radius of the 


« Circle 
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circle deſcribed by thoſe parts of the earth which in re- 


volving on its axis are the fartheſt from the moon, is 10.000. 


miles. 


« Tux centrifugal forces of the different parts being directly 5 


as their diſtances from the abovementioned common center of 


gravity, round which both che earth and moon move, theſe 
forces may be expreſſed by 2000 for the ſide of the earth 
neareſt the moon, 6000 for the earth's center, and by 10.000 


for the ſide of the earth which is furtheſt from the moon. 


„% Bur the moon's. attraCtion i is greateſt « on the PER of the earth 


next her, where the centrifugal force, or tendency to fly off 
from the common center of gravity (and conſequently from the 


moon) is leaſt; and therefore the tides muſt riſe on the ſide of 


the earth which is neareſt the moon by the exceſs of the 


moon's attraction. 


40 As her attraction balances the centrifugal e at the earth's 


center, it is plain, that the centrifugal force of the fide of the 


earth which! is furtheſt from the moon, 1s greater than her at- 


traction, and therefore the tide will riſe as high on that fide 


from the moon, by the exceſs of the centrifugal force, as the 
riſe on the ſide next her by the exceſs of her attraction. And, 
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« as the carth is in conſtant motion upon its axis, ſo as that any 


given meridian revolves from the moon to the moon again in 


24 hours, 50 minutes, each place will come to the two emi- 


nences of water, under and oppoſite the moon, in 24 hours, 


50 4 minutes, or have two tides of ebb and two of flood in that 


time; for, as much as the waters riſe above the common level 


of the ſurface of the ſea, under and oppoſite che moon, ſo much 


they muſt fall below that level, half way between the . 


places, or at 90 degrees from thence. 4 


« Ox theſe principles, it is equally eaſy to account for the 


riſing of the tide at the ſame time on both ſides of the earth, 


and this riſing is made evident to ſight in my lecture on cen- 


tral forces, and the principles on which it depends are made 
obvious to the underſtanding of all obſervers.” 


T'zis explanation of the ebbing and flowing of the ſea on oppo- 


fite ſides of the globe, being read i in a curſory manner, ſeems per- 


fectly ſimple, clear and ſatisfactory; ; the centrifugal force of the 


earth round the common center of gravity between her and the 


moon raiſes the water on one ſide, whilſt the attractive quality 


in the moon performs the ſame operation on the other. 


UNpog- 
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UnForTUuNATELY for Mr. Fercuson's theory, another motion 
obtrudes itſelf into this ſubje&, which he ſeems entirely to have 
forgot; to be ſure, ſince without it the matter is explained with ſo 
much perſpicuity, it was not neceſſary to bring it into the queſtion; 
but nature will purſue its courſe, and certainly the earth revolves 
round the ſun, as well as round the common center of gravity be- 
tween her and the moon; and if © all bodies have a centrifugal 
e force, or conſtant tendency to fly off from the centers of the 
„ circles they deſcribe,” and this centrifugal tendency be always 
in proportion to the diſtance of the body from the center of its 
orbit, and the velocity with which it moves therein, will not this 


| motion of the earth in its orbit round the ſun affect the ebbing . 


and flowing of the ſea in ſome trifling degree ? 'The center of the 


earth deſcribes a circle round the common center of gravity be- 
; tween her and the moon, the radius whereof is 6090 miles, in 
27 days, 7 hours, 43 minutes, of courſe the earth moves in this 
circle with the velocity of almoſt one mile in one minute: the radius 
of the circle which the earth deſcribes in revolving round the ow. ; 
is in round numbers 95. ooo. ooo miles, which it completes in 
5 365 days, 6 hours, conſequently it moves with the velocity of 
about one thouſand miles in one minute. Now, if we ſuppoſe this 
theory of Mr. Fercusox's to be true, and the powers he has laid 
down ſufficient to raiſe the waters, as we find they are raiſed 
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14 IAN INQUIRY INTO 
eight or ten feet, how high may we ſuppoſe they would be raiſed, 
by deduction from his own laws, by the power above ſtated ? 


Bur conſidering the motion of the earth round the ſun as nega- 


tive in this caſe, how happens it that the tides are not higheſt 


directly under and oppoſite the moon? if there were but a few. 


minutes difference, one might ſuppoſe it aroſe from ſome ſubordi- 


nate cauſe, but when we find there are three or four hours, there 


is certainly ſufficient reaſon to doubt whether the cauſe here aſ- 


ſigned be indeed the true cauſe. 


War has been ſaid, will, I flatter myſelf, be thought ſufficient 
to juſtify a ſuſpicion that the Newtonian theory of the laws of 


motion is erroneouſly founded ; I at firſt intended to have 


controverted the preſent ſyſtem of philoſophy in a much greater 


number of points, but I ſhall occaſionally hereafter be obliged to 


mention other leading principles which will naturally preſent 


themſelves to the ſubje& then in queſtion, and the great variety 


of opinions renders it extremely difficult to aſcertain what is 


conſidered as the cauſe of any, except the moſt . | 


phenomena, : 


TRE 


THE CAUSE OF MOTION. 15 

Tux aſſertions of one philoſophical writer are generally refuted 
by another, and not unfrequently the ſame writer refutes his own 
poſitions in the ſubſequent parts of his work. This is no proof 
of want of ability in the author, but muſt ever be the caſe whilſt 
the principles of the ſubje& are unknown, or involved in 


obſcurity and error. 
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TH NON. 


F the motions of the heavenly bodies, as well as the various 

phenomena of gravity, magnetiſm, formation of clouds, &c. 
be conſidered as neceſſary effects, theſe appearances muſt be 
produced by certain original univerſal laws, or properties exiſt- 
ing in matter from its firſt creation ; it 1s the buſineſs of philo- 
ſophy, by inveſtigating the phenomena, to Ani what theſe 
properties are. 


Ir muſt be confeſſed there are many difficulties to ſurmount 
before we can arrive at this knowledge; yet I cannot think it 
entirely above the reach of our capacities, and the great lights 
thrown upon theſe {:: ubjects by late experiments and conſequent 
diſcoveries, are fully ſufficient to enable us to eſtabliſh a more 


conſiſtent ſyſtem than was adopted by our forefathers, 


FR 
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enabled properly to diſtinguiſh cauſes from effects, without whicl: 


it is impoſſible 0 our inquiries ſhould be pure or ſufficient. 


of ſecond cauſes. 


1 
* — 4 op 


i 


6 towards each other, which tendency I call the attraction of 
« pravity.' Nor has attraction, in the more indefinite ſenſe of the 


word, any greater right to a place in the catalogue of cauſes; this 


rr ee 
at 7 - 4 o 1 4< « "x ' 3 2 q »% # 
Ss. by 7 2 * . . 


aſſertion will undoubtedly appear true, if we can prove that the- 


ther than an internal .caule; or in other words, that this attachment 


= not inherent to the particles themſelves, but. ariſes from the 


e. gr. If the ſurface of a body be rubbed, matter immediately iſſues, 


By examining minutely the various efforts of nature, we are 


GOD, as the Creator, muſt be conſidered as the firſt cauſe, ſo 


that the extent of our reſearches neceſſarily terminates in the firſt 


TRE attraction of gravity, however, cannot be conſidered in 

this light, but merely as an effect produced by ſome primary cans ; 35 

: to this acceptation. Sir Isaac himſelf expreſsly. confines it, for he 
ſays, « ] do not conſider gravity as an eſſential property ſtampt on 

4 bodies, but only deduce from appearances that bodies do tend 


atoms or particles of bodies adhere together from an external ra- 


Ko 


impulſive power of an external agent. A variety of experiments 


clearly ſhew that this effect is produced by an outward impulſe: : 


particularly thoſe bodies moſt firmly united, as metals, &c. ; ſome 
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late writers call this a fine ſubtle, or electric matter, the particles 


whereof they aſſert have a ſtrong power of repelling each other, 


and of attracting the particles of the ſubſtances in which they are 
contained; or that the particles of bodies attract thoſe of the 
electric matter; or other wiſe, that they mutually attract each 
other. It is of little conſequence to the ſubject before us 
whether this affection be mutual or arbitrary, the whole of the 
queſtion is, does there exiſt in nature any ſuch property that may 
with propriety be called a cauſe 3 there be any power of attrac- 
tion ſubſiſting between the particles of a body, and the particles 


of fine ſubtle matter, it does not ſeem reaſonable that rubbing the 


ſurface ſhould deſtroy the power, unleſs it be ſuppoſed, the force 


exerted preſſes the particles of elaſtic matter into a ſmaller quan- 


tity of ſpace than their natural diſpoſition inclines them to occupy, 


that in ſpringing back they force chemſelves beyond the ſphere 
of attraction, and thereby repel each other from the body. This is 


certainly placing the doctrine in the moſt favourable point of view; 


I leave it to others to decide how far it appears conſonant to rea- 


ſon and the nature of things. But what may be ſaid to amount 


to demonſtration that it is an external power which preſerves 


the electric matter in the body, is, if the ſubſtance has any ſharp 


Points, theſe fine ſubtle particles cannot be confined, nor pre- 
vented from iſſuing, which is evidently owing to the points ex- 
poſing ſo ſmall a portion of ſurface. Now, if there be an outward 
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20 AN INQUIRY INTO 


power ſufficient to detain theſe active particles of matter, it is. 


certainly ſufficiently powerful to-compreſs the particles which com- 


poſe bodies into the ſtate of coheſion wherein they are found. 


Innumerable other inſtances might be adduced to prove that 
coheſion ariſes from an external impulſe; the matter inſtantaneouſly 
follows the percuſſion of the flint and ſteel; or obſerve the ſame 


phenomenon more perfectly in the copious flow of matter from the- | 


dry ſtone of a razor-grinder's machine; the action of culinary fire, 


volcanos, water ſpouts, the various operations of magnetiſm, elec- 


tricity, &c. are altogether ſo many demonſtrable proofs of this. 


plain truth, that. to deny it would be to. > deny our ſenſes. 


SixcꝝE then neither attraction nor gravity ought to be conſ- 


| dered otherwiſe than as neceſſary effects, flowing from ſome per- 
- manent cauſe, it is obvious. our inquiries ſhould penetrate deeper, 
even to the primary cauſe thereof; having minutely inveſtigated, 


combined, and compared the above, and the various operations of 


the phyſical world, it has induced me to lay down the following 


as general principles, (viz.) 


F irſt. Twer: all bodies whatever are compoſed of two diſtindt | 


hetcrogeneous ſpecies of particles, which I will call ſimply inert 


particles, or- particles. of paſſive matter.; and elaſtic particles, or 


| particles « of active matter. 


Secondly. 
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_ Secondly. Trar the inert paſſive particles are particles of water, 

being perfectly incompreſſible and inelaſtic; and that all other 
particles of matter are as perfectly volatile, compreſſible, and 
elaſtic, having the properties of expanding themſelves ad 
infinitum. FR 


Thirdly. Tar from their incompreſſibility and inelaſticity, the 
watery particles have no. power but of ſimply falling into any 
direction. 


 Fourthly. Tur from their being directed to a center, by the 
cauſe hereafter explained, ariſes all that power of gravity obſerved 
in the various phenomena. 


Fifth. Tuar the active, compreflible, <laſtic particles, are 


under every ſtate of compreſſion inclinable to motion. 


Sixthly, 'Trar this elaſtic power in matter is the cauſe of coheſſon, 


gravitation, fermentation, coagulation, ebullition, c. &c. 


Seventhly, Tar the inelaſtic paſſive, and the elaſtic active 
matter, are the only perfe& elements, by the varied combination 
whereof. every ſubſtance is produced; it ſeems evident theſe 
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two are the only primary principles (a), for the particles of all 


bodies which come under our obſervation being ſeparated, reſolve 


into theſe two heterogeneous ſpecies of matter. 


Wr may ſafely aſſert that the particles of water are heteroge- 


neous to the other particles of matter; their inertneſs, incom- 


preſſibility and inelaſticity, are properties directly oppoſite to the 


extreme elaſticity, &c. of the other; and that it is poſſeſſed of 
theſe properties the generality of philoſophers agree, and prove 
by a great variety of experiments; or if water be in any degree 


compreſſible, it is only ſo far as it may contain elaſtic matter 


within the interſtices of its particles Mr. Loc KE, ſpeaking of 


the Florentine experiment, is of opinion that a primary particle, 


or ſpherule of water, is a perfect impenetrable ſolid, which he 
aſſerts is the reaſon of its incompreſſibility in that experiment, 
which was thus performed : A hollow globe of gold was filled 
« with water, and then exactly cloſed, the globe thus cloſed was 

put into a preſs driven by the force of ſcrews, the water, find- 


ing no room for a nearer approach of its particles towards each 


(a) Whether the principles in bodies whence ariſe taſte, ſmell, &c. are mechanically the 


effect of motion (or proceeding from created eſſence in the active part of matter), does not in 
the leaſt affect the axioms here laid down, with reſpect to the laws of motion, e. gr. we know 
brandy is not rum, yet the active particles of both when in motion uniformly expand and 
recede from each other ; ſo likewiſe does tallow, tar, turpentine, oil, hemp, hay, ſtraw, &c. &c. 
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THE CAUSE OF MOTION. 23 
« other, made its way through the pores of that cloſe metal, 
« ſtanding like drops of dew upon the outſide, before the globe 


« would yield to the violent: preſſure of the engine.” 


Mx. CaxTON has by very curious experiments endeavoured 
to prove that water is in ſome degree compreſſible ; but whether 


theſe experiments are fafficient to decide that a primary particle, 


or ſpherule of water, is not a perfect impenetrable ſolid may be 


reaſonably doubted. The means he uſed to deprive the water of 


its air could not be quite competent to the purpoſe, and it is im- 


poſſible but his experimental inſtruments muſt be a compound of 


compreſſible, as well as of incompreſſible matter; duly conſider- 


ing theſe things, is it not more probable, that water is not poſſeſſed 


of the leaſt compreſſibility, than that we can determine it is ſo, 
one part out of twenty one thouſand ſeven hundred and forty Pp. 


Sin Isaac Nxwrox, as well as all our modern philoſophers 


have agreed, that the particles of active matter have this inherent 
property, of ſeparating and expanding themſelves ad infinitum, and 


that they are perfectly volatile and compreſlible : : the definition of 


light-and fire by this great author being applicable to the purpoſe, 


18 here ſubj oined. 


„ Firſt. 
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AN INQUIRY INTO 
« Firſt. We find by experience that the parts of all bodies 


when agitated to a certain degree, do ſo act upon animal bodies 


as to produce the ſenſation of heat. 


« Secondly. Sue an agitation, or inteſtine commotion of the 


parts of bodies may be effected by various means, as friction, 


Percuſſion, fermentation, vital motion, the action of light, xc. 


0  Thirdy, TAE ſtandard degree of warmth, a has, bw of 
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an animal body, or in other words, if the parts of any body 
have a greater degree of motion than the parts of the animated 


body, as the hand, it is warm, or hot; but if they have a leſs 
degree of motion than thoſe of the hand, we ſay they are cold; 


laſtly, if the motion of the parts are the ſame in both, we then 
ſay ſuch a body i is neither hot nor cold, and hence it appears 


that the ideas of heat and cold are only in a comparative 


degree. 


Fourthiy. Tux parts of bodies when agitated or heated beyond 


a certain degree, emit or throw off ſuch fine ſubtle particles, 


or effluvia, which ſhine or excite the idea of light, and which 


therefore we generally call particles of light, 


« Fifthly. 
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« Fifthly. Wren the particles of bodies are ſo violently agitated 


that they not only throw off lucid particles, but alſo ſhine 
themſelves, then we ſay it is a body of fire, when the particles 


are not in a fuming ſtate ; but when they are, we call that lucid 


flame a flame of fire. 


" Sixtbhy, Tur intenſity of the action of ignited bodies depends 


cc 


cc 


i 
= 7 


cc 


« 


ce 


"7: 


oh 


E 


£6 


as well on the denſity as the velocity of the parts, and when 
both theſe are in an extreme degree, the momentum or whole 


: force of the heat becomes intolerable, and inconſiſtent with 


the ſtate of a natural body, and its action | is in this caſe what 


we call burning. 
bs Seventhly. 'TrxRe are ſome caſes when the parts may have 
(afficient velocity to appear lucid, but not denſe enough at the 


fame time to burn. 


i Eighthly. Tae motion with which the parts of bodies are- thus 


agitated to emit light and heat is of the vibrating kind, 


becauſe the motions and directions of the particles i in this caſe 
may become uniform, conſonant, and harmonious ; and all 
conſpire to produce the effect which they could not do by a 


confuſed contrary motion of the parts.” 


3 Query. 
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Qvery. How could theſe motions be produced, but by the 


active particles whereof bodies are compoſed having a natural 
propenſity to expand and recede from each other ? Further, we 
can produce heat, or fire, by friction, percuſſion, &c.; but where- 
fore does this friction or this percuſſion produce heat? Firſt, by 
deſtroying the equilibrium ſubſiſting between the active and 
paſſive particles: ſecond/y, by taking off the weight of the | _ 
ſphere or preſſure of the watery particles (for the atmoſphere is 
compound of water and elaſtic matter like other ſubſtances, 
only in an extfeme rarified ſtate), when the particles of active 
matter compoſing the body immediately exert their innate pro- 
perty of expanding and receding from each other, paſſing off in 
ſparks of fire. . 


IxpERED were it not for the inertneſs, incompreſſibility, and in- 
elaſticity of the watery particles, the ſyſtem of nature could not 
be ſupported, for it is by the paſſive matter the active particles 
are kept together: and, conſidering matter to have been in what 
is called a fluid ſtate, there is nothing more evident than that 
the greateſt part of the paſſive, incompreſſible, inert particles, 
would be found upon the ſurfaces of bodies formed therefrom. 
Laſtly, if any doubt of the truth and reality of the exiſtence of 
theſe two diſtin& heterogeneous ſpecies of particles, of their 


properties, 
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properties, and of their acting as I have endeavoured to point 


out, {till remains; let electricity be conſulted, when we ſhall 
find every experiment examined under this idea, perfectly 
conſonant and conſiſtent with the principles here advanced, 
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SECTION III. 
THE PRECEDING PROPOSITIONS APPLIED TO THE SOLUTION OF THE 


VARIOUS PHENOMENA OF THE HEAVENLY BODIES. 


N the foregoing Section I have aſſerted that all bodies whatever 
are compoſed of two diſtinct heterogeneous ſpecies of matter, 


the one active, the other paſlive ; ; aſſuming therefore that the | 


celeſtial bodies are thus compounded, let us examine e how far their 


phenomena juſtify the aſſertion. 


Tux firſt r which necelfarity follows from theſe 
principles i is, that the particles of elaſtic matter being continually 
preſſed upon by the weight of the inelaſtic, muſt of courſe be 
ſurrounded by thoſe partictes.. Y 


Secondly, Tre active particles muſt be conſtantly forcing _ 
through, ſeparating, and carrying upwards the paſſive watery par- 


ticles, by which means the rarer mediums of atmoſpheres are 
formed. 


TAE 
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Tux truth of theſe propoſitions might be eaſily and incontro- 
vertibly proved if we knew the exact proportionate power of 
elaſticity; that is, what force active matter of any given denſity 
ſhall have, and! in what degree the power increaſes or decreaſes. It 
were an caſy matter to lay down ſuppoſitious rules for this propor- 
tion, and thereby explain the whole with as much apparent clearneſs 
as Sir Isa ac NE. rox did by the attraction of gravity, after having 
aſſerted that the power decreaſed as the ſquares of the diſtance 
increaſed; but as I do not wiſh, if I cannot throw any new light 
upon philoſophy, to add to the perplexity | in which it is already 
involved, I ſhall be very careful not to aſſert any poſition which 


is not founded upon certain known fact. 


Ir this idea of the activity of matter be juſt, it muſt of neceſſity 
increaſe i in velocity i in proportion as it increaſes in rarity, but the 


degree of this increaſe cannot be aſcertained. 


Tux expanſive power of any body muſt be proportionate to its 
quantity of matter, being the ſum of the united forces of all thoſe 
ſingle particles whereof it is compoſed. Thus, ſuppoſe a cor- 
puſcle to be emitted by any body into its atmoſ phere containing 
one thouſand particles, that each particle has a force equal to any 
given weight, ſay an ounce, the ſum of their united forces will 


conſequently be equal to one thouſand ounces; now the denſity 


of 
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of the atmoſphere decreaſing in a certain proportion to the diſtance 
from the body, its preſſure upon the corpuſcle as it aſcends or is 
forced upwards by the action of thoſe coming after it, will de- 
creaſe in a ſimilar degree, and at a certain diſtance, the expanſive 


force of the one, and the preſſure of the other will be in equi- 
librio ; at a greater diſtance from the center, the particles which 


compoſe the corpulcle will expand and recede from each other ; 


hence it appears, that larger bodies expoſing leſs ſurface, in propor- 


tion to their cubical quantities, than ſmaller ones, a& with greater - 


proportionate force; ſo that by examining and comparing the 


reſpective diſtances, magnitudes, and powers of the heavenly 


bodies, we ſhall eaſily be convinced of the truth and conſiſtency, 


or falſehood and inconſiſtency, of theſe doQtrines(b). 


Txt turning of the ſun and the planets upon their axes is a 


phenomenon which I believe no a{tronomer has ever attempted to 


explain, but by ſuppoſing this whirling (like the projectile force) 
to have been firſt communicated by the arm of the Deity, and the 
bodies being ſituate in perfect vacuums will naturally perſevere in 


theſe motions without any diminution. 


(3) The author of this thort treatiſe does not pretend to explain all the minutiz of the 
action of matter; it would require a great number of years of intenſe application; he has hers 
given what he conceives to be the great outlines, hoping the hints will be of uſe to philoſophers 
in their reſearches, and tend to the advancement of truth and uſeful knowledge: every attempt, 


however ſeeb e, if it carries the leaſt appearance of utility, ought to be examined. The moſt 


uſeful diſcoveries have ariſen from the moſt trivial accidental occurrences ; one man ſuggeſts an 
idea, another improves upon it, and a third raiſes 1 it t0-a till higher degree of perfection, and. 
deduces unthought-of nme, there rom. 

By L 
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Bor as the celeſtial ſpace is not a perfe& void, the above 
ſuppoſition is certainly erroneous, and therefore we muſt endea- 
vour to aſſign ſome probable cauſe for theſe motions : the different 
velocities of the bodies round their axes, ſome turning extremely 


ſwift, whilſt others ſcarce move at all, is a ſtrong preſumptive 


proof 1 that this phenomenon i is the effect of immutable mechanical 
agency. 201 is an axiom in phyſi cs, that, If a body be urged by 
equal and contrary actions or preſſures, it will remain at reſt ; but 


if one of theſe preſſures be greater than its oppoſite, motion will 


enſue towards the parts leaſt preſſed. | 


Tx particles of fine active matter are continually iſſuing from 


the body of the ſun, from the bodies of the planets, and from 
the bodies of the fixed ſtars, in every direction with great ve- 
locity; light paſſes from the ſun to the earth in 84 minutes, 


which is at the rate of 164.494 miles in a ſecond ; and as the 


motion of the elaſtic particles increaſes in proportion to their 


rarity, their velocity muſt be much greater at the orbit of the 
earth, than at their firſt emiſſion from the ſun's ſurface, and wit 


continually. increaſe in proportion as the diſtance and rarity 


increaſes ; ſo that the velocity of the particles even at the orb of 
ſaturn muſt be extreme; hence the momentum mult be incon- 


ceivably great when the particles of matter emitted by the ſun, 


and thoſe emitted by the fixed ſtars meet and reſiſt each other ; 
which 
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which will be the caſe (as appears by the phenomena of 


magnetiſm and clectr icity) where the particles are of ſimilar 


denſity. 


Nov as the fixed ſtars are not of equal magnitudes, nor at equa] 


diſtances from the ſun, nor from each other, it follows, that the 
momentum or reſiſtance cannot be equal on every ſide; from this 
unequal reſiſtance, unequal reaction muſt enſue, and thereby mo- 


tion is communicated to the body of the ſun. To render this 


idea if poſſible more familiar, ſee plate II. where fig. 1. re- 
preſents ſo many hollow globes of metal of different magnitudes. 
perforated with holes on all ſides, and filled with a compoſition 


ſimilar to that of which rockets are made; theſe balls fo filled 


being ſuſpended upon pointed rods, at equal or unequal diſtances, 


and the whole ſet on fire by one common exploſion of gunpowder, 


a variety of motions would immediately enſue from the inequa- 


lities of the powers of the different bodies. 


Tus rev olving of the ſun upon his avis is the cauſe of the 


annual and diurnal motions of the planets, Which are very pro- 


perly only ſo many ſatellites circulating round, and governed by 


the {un as their primary; ths ſpace where the matter emitted by 
the ſun, and that emitted by the fixed ſtars is of equal denſity, 
may be conſidered as the boundary of his atmoſphere, or the 


F limits 
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limits of his power; within this ſpace it is obvious the whole of 
the matter will circulate, with the ſun, and. all bodies ſituate 


therein will be ſubject, in a greater or leſs degree, to the uniform- 


action of this matter; this explains why the planets and ſatellites. 
move in their orbits, and upon their axes in the ſame direction, 


VIZ. from weſt to caſt. 


Sin Hane Nxwrox, to render his theory of attraction and 
gravity conſiſtent, was obliged to conſider the bodies of the planets 
as of different denſities; ; theſe calculations of denſities are merely 


hypothetical, as they cannot be deductions from facts, but they are 


ſuch as muſt neceſſarily ſubſiſt upon the principles of his theory; 


it is not, however, very conformable to the ſimplicity obſervable 
in nature, to ſuppoſe the ſpecific weight of the body of ſaturn to 
be as that of cork, and of mercury as that. of lead. I know it is 
urged, that mercury being ſituate ſo near the ſun, it was neceſ. 
fary he ſhould be compoſed of very denſe materials to bear ſo 
extreme a degree of heat; but when it is conſidered, that all - 
hard denſe bodies have a much greater retention of heat than 


rarer ones, the conſiſtency of the concluſion vaniſhes. 


Ir this theory of expanſion be true, it follows, that all the 
heavenly bodies are compounded of the fame, or nearly the ſame 


proportionate quantities of elaſtic and nonelaſtic particles; this 


being 
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being admitted, to compare the power of the ſun with that of any 
planet, we have only te aſcertain the difference between the cu- 
bical and ſuperficial quantities in each: but here again we are ſur- 
rounded with dithculties, as the opinions reſpecting the magni- 
tudes and diſtances differ materially ; ; nor is this to be wondered 
at, ſince the angles by which they are calculated are ſo extremely 
mall, and the quantity of refraction ſo very uncertain, it is 
almoſt impoſſible any two obſervations ſhould agree: however, 
ſuppoſing the moon to be diſtant from the earth 58 ſemidiameters 
thereof, or 234-000 miles, and the ſun 95.000.000 miles, we may 
conſider the diſtance of the planets from the ſun, the propor- 
tion which their powers bear to that of the ſun, and the conſe- 
quent diameters of their atmoſ pheres, to be ſuch as ſtated in the 


enſuing explanation of the general and particular phenomena of 
each planet; and firſt (c) 


Merc URY. The phenomena of this planet will be eaſily under- 
ſtood by referring to plate II. fig. 2. where S repreſents the body of 
the ſun, M that of mercury, CC CC a ſphere, the circumference 


whereof paſſes through the center of the planet; the diſtance from 


(e) It is proper in this place the reader ſhould conſult plate T. which will convey the idea 
zu what manner the ſun acts upon the bodies and atmoſpheres of the planets, | more juſtly than 
a e of words. 


T2 a to a 
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4 to a is a ſuperficial mile upon the ſurface of the ſun, and from b to h 


upon that of mercury; now, as the quantity. of matter (agreeable to- 
the above laws) emitted by the ſuperior preſcribes the quantity to! 
be emitted by the inferior body, it will be found, by comparing the: 


cubical and ſuperficial quantities in each, that the power of aa, 


or the quantity emitted in a ſu erficial mile upon the body of the. 


ſun, will be 54. 00 times gr eater than will be en mitted 1 in a ſuper- 


ficial mile upon the body of mercury, bb, ; conſequently the power 


of the ſun to that of this planet is as 4. 6 50. ooo. oo to 1. -The 


diſtance of the orbit of mercury from the ſun being 37. 000.000, 
miles, the diameter of the ſphere SCTEC muſt be 74 millions, 


and as the power of the fun over this planet is as 4.650.000. 000; 


to 1, the diameter of mercury's atmoſphere muſt be 44.500 miles. 
that i is, the diſtance of 22.250 miles from the center of the planet, 


the particles of matter emitted by the ſun, and thoſe emitted by 
mercury are of ſimilar denſity. 


Taz ſun, and the elaſtic uc emitted therefrom, or the 
whole of his extenſive atmoſphere revolvi ing round together like 
one entire body, it is evident theſe particles will impel and endes 
vour to force round the reſpective bodies and atmoſpheres of the 
planets ſituate therein; this naturally leads us to inquire why 
they do not perform a revolution in the ſame time; which muſt 
be owing to a vis or tendency the bodies have to remain at reſt : 


this 
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this power I conſider ariſes from the ſ yſtem being ſurrounded by 


fixed ſtars, which are continually emitting particles of matter into 


every direction, every body, and the atmoſphere of every body 


ſituate within this ſyſtem will be acted upon by the force of theſe 
particles on every ſide; and the particles from the different ſtars 
chus ſtriking on oppoſite parts muſt counteract each other, and 


endeavour to preierve the bodies of the planets at reſt: hence it 


follows, the larger a body the greater will be its reſiſtance, or 
tendency to remain at reſt ; and the rarer the medium of the ſun's 


matter at the orbit of a planet, the leſs power will it have to impel | 


it in its circular courſe ; hereby we are furniſhed with the reaſon 


| why thoſe bodies which are neareſt the ſun move with greater Ve- 


locity than the more diſtant ones. Mercury paſſes over 1583 ; 


miles of his orbicular circuit in one minute, whereas the earth 


paſſes over only 966 miles in the ſame time. Although no obſer- 


vation can determine that this. planet turns upon his axis, yet, as 


the cauſe which produces theſe motions acts upon mercury in the 


ſame manner as upon the other planets, there is no room to 


doubt but a ſimilar effect is produced. 


Vexvu 8. The diſtance of the orbit of this planet from the ſun 


being 69.000. ooo miles, her cubical and ſuperficial quantity com- 
pared with the ſun, appears to be as 1 to 50. oo. ooo, and there- 


fore the diameter of venus's atmoſphere is 376,000 miles, 


Tur 
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Tk fame action which impels mercury alſo carries this plauet 


round the ſun, viz. the revolving of his atmoſphere. 


* 


Walrus differ widely reſpecting the period of venus's revolu- 
tion upon her axis; ſome aſſert ſhe is more than 25 days, whilſt 
others maintain a circulation is completed in as many hours; the 

bulk and ſituation of this planet induce me to believe the latter 


opinion is very near the truth. 


Tur cauſe of this, as well as of all the other planets turning 
upon their axes, will be very familiarly explained by referrin g to 
plate I. The figure repreſents the ſphere of the atmoſphere of a 
: planet, acted upon by the particles of the ſun” $ atmoſphere ; ; 
now the diſtance from the ſan to A, being leſs than to C, it 
follows that the matter muſt be denſer at A than at c; 
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and the velocity af the circular motion of the ſun 8 atinofphere 


4 — 


being much ſwifter than the orbicular motion of the planet, the 
matter will certainly be more powerful at B than at D, ſo that the 


diſtance will be greater from the center of the planet to C than 
to A, and to D than to B. 


From theſe premiſes, it is evident the action or compreſſion is 
not equal -upon oppoſite ſides of the planet, and therefore the 
matter emitted by the planet, and by the conſequent unequal 


reaction 
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reaction of this matter, the body of the planet itſelf and its 
atmoſphere will be impelled from A to B, and from B to C, 


with a velocity proportionate to the inequality of the power on 
_ oppoſite ſides of the body. 


TRE earth, being diſtant from the ſun 95. ooo. oo miles, by 


comparing, as before, their cubical and ſuperficial quantities, the 
proportion of power appears to be as 1 to 50. ooo. ooo, and of 
courſe the diameter of the earth's atmoſphere muſt be 51 5.000 
miles; nothing new can be ſaid reſpecting the motion of the 
earth in its orbit, the ſolution of this phenomena is the ſame 
throughout the ſyſtem. We conſider that the earth revolves _ 
upon its axis from any {tar to the ſame ſtar again in 23 hours, 


56 minutes, 4 ſeconds. I have ſome reaſon to ſuſpect this rota- 


tion is not quite ſo uniform as we generally 1 imagine; but whether 
the inequalities are ſufficient to be diſcovered, I cannot at preſent 


determine, as-it requires a number of accurate obſervations. 


Tux moon, being 234.000 miles from the center of the earth, 


if their cubical and ſuperficial quantities be compared (in the ſame . 


manner as thoſe of the planets and the ſun), their proportionate 


power will be found as 260 to 1, conſequently the diameter of 


the moon's atmoſphere, were ſhe unconnected with any other 


body, would be 74.000 miles. 


IT: 
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It is obſervable the moon moves ſlower in her orbit round the 
earth than any other body round its primary; this is owing to 
her ſituation ſo near the extremity of the earth's atmoſphere, and 
allo to the power of the earth being counteracted by the action 
of the ſun; the various alterations in the degrees of theſe two 
powers upon the moon in different parts of her orbit, is the cauſe 
of that infinite variety ſo remarkable in the motions of this ſatel- 
lite; but as theſe variations deſerve to be examined more mi- 


nutely, an entire Section ſhall be dedicated to the ſubject, in n the 
enſuing part of the work. 


Mars. The diſtance of this planet's orbit from the center 
being 145.000.000 miles, we find, by the preceding rules, the 
power of the ſun to that of mars, as 544.000.000 to 1, therefore 
the diameter of his atmoſphere is 477.000 miles ; with reſpect to 
the phenomena of this planet, they are naturally reſolved by the 
ſame principles as the foregoing ones. The motion in his orbit is 
proportionally ſlower, as the rarity of the medium and conſe- 
quent reſiſtance of the planet is greater than that of the earth, 

venus, or mercury: the period wherein mars completes a revolu- 
tion upon his axis, is nearly the ſame as that of the earth and 
venus. ; D 


JuerirEx. 
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JoeiTER, with his four ſatellites, revolves at the diſtance 
of 495.000.000 miles from the ſun; their powers being compared, | 
the proportion appears to be as 5.000 to 1, and the diameter of 
Jupiter's atmoſphere 58.000.000 miles; ; the annular motion of 
this planet is perfectly conſiſtent to theſe principles ; but the 
extreme velocity with which jupiter turns upon his axis deſerves 
to be more particularly examined, for it may at firſt ſeem difficult 
to conceive, how ſo large a body ſhould be ated upon with ſuffi- 
cient force to produce a revolution in 9 hours, 56 minutes, eſpe- 


cially as the power of the ſun 1s ſuperior only as 5-000 to 1. 


Bor, jupiter being much the largeſt pliner? in the ſyſtem, and 
che medium of the ſun's atmoſphere at the diſtance of his orbit 
extr emely rare, the atmoſphere of this planet is of courſe 
very extenſive: ſo that the denſity of the particles of the ſun's 
atmoſphere is materially greater on the ſide of jupiter's atmo- 
i phere next him, than on the oppolite Kiks furtheſt from the ſun; 
and as the motion of this planet in his orbit is extremely low, 
compared with the circular motion of the ſun 8 atmoſ phere, the 
particles muſt be much denſer on the weſtern, than on the eaſtern 
fide ;—hence, as the velocity with which any body moves is pro- 
portionate to the inequality of the action on oppoſite ſides, it 
appears, the extreme ſwiftneſs wher ewith this planet turns upon 
his axis is perfectly conſiſtent to theſe principles, ſuch as muſt 

8 neceſſarily 
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neceſſarily ariſe if they are juſt. The reafonableneſs of this ex. 
planation will appear more ſtriking, by referring to the preceding 


account of the cauſe of the planets revolving upon. their axes. 


Ta dimenfions of Jupiter's fatellites are not ſufficiently known 


to compare their powers with that of their center ; but to throw 


ſome light upon the ſubject, as well as to prove the conſiſtency 
and agreement of their phenomena to the principles of this 
theory, ſuppoſe the neareſt 3 is of fimilar ſize with the earth, whoſe 
diameter is 8.000 miles ; ; then, as che diſtance of its orbit 
from the center of j jupiter is in round numbers 230.000 miles, by 
comparing the cubical and ſuperficial quantities, the proportion 
appears to be as 10.500 to 1, and of courſe the diameter of its 
atmoſphere is 21.000 miles.—Now, as Jupiter revolves upon his 
axis in 9 hours, 56 minutes, this ſatellite being. only 230.000. 
miles from the center of ſo large a body, it is evident, the me- 
dium at ſo ſmall a diſtance muſt be extremely denſe, and therefore - 
the ſatellite muſt be impelled in its circular courſe with great 


velocity ; ; which is accordingly the caſe, an annulation being 


completed in 1 day, 18 hours, and 36 minutes. 


7 SATURN, with bis ve moons, being conbdered at the diſtance 


of 908. 000.000 miles from the center of the ſun, the difference 


of their powers are as 14.600 to 1, and therefore the diameter of 


ſaturn's 
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taturn's atmoſphere is 740.000.0090 miles; the motion of this 
planet in his orbit is perfectly conformable to the foregoing rules, 
ſuch as the principles muſt infallibly produce. 


. 


Fox want of perceptible ſpots upon the ſarkace of ſaturn, 
aſtronomers have not been able to determine whether he turns 
upon his axis; but, judging from cauſe to effect, it follows he has 
ſuch a motion: the revolving of his ſatellites proves the matter 
beyond a a doubt, and from their velocities it may be gathered, | 
that he completes a revolution upon his axis in about 10 4 hours, 
that! 18, conſidering the firſt ſatellite at the diſtance of 140,000 
miles. 


Ir the body of ſaturn was equal in magnitude to jupiter, he 


certainly would have revolved upon his axis in leſs time, and for 
want of that power is the reaſon his motion is ſlower; perhaps 
it may be urged, If the velocity of a body on its axis depended 
on its magnitude, the ſun ſhould turn much faſter than any of 
the planets; ; but if we refer to plate I. and conſider the central 
body, the ſun, this difficulty is removed, as we there ſee the ſtars 


preſs on the atmoſphere of the ſun in every direction, conſe- 


quently the more equal the pr eſſure, the leſs the motion. 


>> 
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Comets. I have already ſhewn, and ſhall hereafter: adduce- 
other indubitable proofs, that the celeſtial ſpace is not a vacuunt, 


and therefore the theory laid down by Sir Isaac Newrox for 


explaining the phenomena of 'comets, cannot be juſtly founded. 


With the utmoſt deference for his great name, and {till greater 


abilities, it muſt be confeſſed ſome of Sir Isaac's ſuppoſitions 


and calculations reſpecting theſe bodies, are rather too incon- 


ſiſtent to- be read without exciting riſible emotions. In one place 


he ſuſpeQs, it is chiefly from comets that ſpirit comes, that is, 


the pure and: moſt ſubtle part of matter; this is ſur ely a moſt 


extravagant aſſertion to come from a man who had ſtudied nature 


with fo much attention. He calculates that the comet which 
appeared in 1680, when neareſt the lun, might have acquired a 
degree of heat two thouſand times hotter than red hot iron. Mr. 
FERGUSON takes up the idea, and ſuppoſes, that the comet thus 


heated would retain a ſufficiency of heat to laſt until its return to 


the ſun, though the period ſhould be more than twenty thouſand 


years; he further fays, „this comet at its greateſt diſtance is 


„ 11. 200. 00. oo miles; and at its leaſt diſtance, within leſs than | 
« 2 third part of the ſun's ſemidiameter from his ſurface, flying 
« with the amazing ſwiftnefs of 880. ooo miles in an hour.” Is 


it not exceeding curious, chat this body i in a few days (for it can- 


not be in ſuch an intenſe ſituation a great number) ſhould have 


acquired ſuch an extreme degree of heat as ſhall laſt it twenty 
thouſand 
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thoufand years? For, though a fire be ever ſo intenſely hot, it 


requires a very confiderable time to. communicate any large por- 


tion of heat to a body of great magnitude. —That the ſun does 
act upon the bodies of the comets is plain, from the chaotic 


appearance of their atmoſpheres, and additional length of their 


tails ; but theſe and every other phenomena of comets may, I 


| preſume, be much more naturally explained upon the principles 


of the foregoing theory. 


Tux directions in which comets move being quite oppoſite to 


thoſe of the planets, ſome other cauſe, and not the circulation of 


the ſun? 8 atmoſphere, muſt be productive of chis contrary effect; 
and though it is evident this power will endeavour to influence 


the comets, as well as the planets, when they come within the 
ſphere of its action, yet the velocity of theſe bodies (ariſing from 


another power) being ſo great, it is eaſy to conceive why they 
are not ſenſibly affected by the uniform motion of the ſun's atmo- 
ſphere from weſt to eaſt. 


Comers are, I Wa compoſed of the ſame materials we 
earth, the ſun, and all the other bodies are, viz. of elaſtic, active, 
and of nonelaſtic, paſſive particles; ; but their appearance, and 
likewiſe their motions, is a confirmation that the parucles are not 
in the ſame ſettled ſtate, 


Is 
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Comets. I have already fhewn, and hall hereatter adduce 
other indubitable proots, that the ccieitial fpace is not a vacum:., 
aud therefore the theor: „ laid down by Sir Isaac Nzwrox fer 
explaining the phenomena of comets, cannot be jeiily founded. 
With the utmoit deference for his great name, and itil} greater 
abilities, it muſt be confeſſed ſome of Sir IS ſuppoſitious 
and calculations reſpecting thcſe bodics, are rather too incon- 
ſiſtent to be read without exciting rifible emotions. In one place 
he ſuſpects, it is chiefly from comets that ſpirit comes, that is, 
the pure and moſt ſubtle part of matter; this is ſureiy a moſt 
extravagant aſſertion to come from a man who had ſtudicd nature 
with ſo much attention. He calculates that the comet which 
appeared in 1680, when neareſt the ſun, migh: have acquired a 
degree of heat two thouſand times hotter than red hot iron. Mr. 


FERGUSON takes up the idea, and ſuppoſes, that the comet thus 
heated would retain a ſufficiency of heat to laſt until its return to 


the ſun, though the period ſhould be more than twenty thouſand | 
years; he further ſays, * this comet at its greateſt diſtance is 
G2 1. 200. O00. ooo miles; and at its leaſt diſtance, within leſs than 
a third part of the ſun's ſemidiameter from his ſurface, flying 
« with the amazing ſwiftneſs of 880.000 miles in an hour.“ Is 
it not exceeding curious, that this body in a few days (for it can- 


not bei in ſuch an intenſe ſituation a great number) ſhould have 


acquired ſuch an extreme degree of heat as ſhall laſt it twenty 
thouſand. 
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thouſand years? For, though a fire be ever ſo intenſely hot, it 
requires a very conſiderable time to communicate any large por- 
tion of heat to a body of great magnitude. — That the ſun does 
act upon the bodies of the comets is plain, from the chaotic 
appearance of their atmoſpheres, and additional length of their 
tails ; but theſe and every other phenomena of comets may, I 
preſume, be much more naturally explained upon the principles 


of the foregoing theory. 


Taz directions in which comets move being quite oppoſi te to 
thoſe of the planets, ſome other cauſe, and not the circulation of 
: the ſun's atmoſphere, mult be productive of this contrary effect; 
and though it is evident this power will endeayour to influence 
the comets, as. well as the planets, when they come within the 
| ſphere of its action, yet the velocity of theſe bodies (ariſing from 
another power) being ſo great, it is eaſy to conceive why they 
are not ſenſibly affected by the uniform motion of the ſun's atmo- 
ſphere from weſt to eaſt. 


Comers are, I believe, compoſed of the ſame materials the 
earth, the ſun, and all the other bodies are, viz. of elaſtic, active, 
and of nonelaſtic, paſſive particles; but their appearance, and 
likewiſe their motions, is a confirmation that the particles are not. 
in the ſame ſettled ſtate, 

Ir 
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Ir has already been obſerved, that if a body emits equally into 
every direction, and the expanding matter meets with equal re- 
ſiſtance on every fide, the body will remain at reſt ; but if the 
expanſive. power be unequal on oppoſite ſides, motion muſt be 
communicated to the body, as well as if the emitted particles 
were reſiſted unequally. From the dark chaotic appearance and 
prodigious extent of the atmoſpheres of comets, I am induced ; 
to think they are bodies newly. formed, and that the elaſtic and 
inelaſtic matter is not uniformly diſpoſed ; ; that is, the elaſtic 
active particles of matter are not properly ſurrounded and com- 
preſſed by the inelaſtic, paſſive, or watery particles ; : now, ſince 
the inelaſtic particles act as a regulator, ſuffering the elaſtic par- 
ticles to paſs through the interſtices, it is plain, that if the active 
matter is not uniformly compreſſed, the expanſive force will not 
be alike on every fide; and the body will remain in this ſtate 
lo long as the inelaſtic particles are une qually diſpoſed; or are in- 
ſufficient to regulate the expanſive force of the elaſtic, Let my 
ideas in this particular be rightly underſtood : I do not mean to 
aſſert, that the watery particles are the ſole cauſe why bodies ex 
pand ſo dowly, though J conceive they are the principle: if 
a body were compoſed entirely of elaſtic matter, the action of 
the furrounding bodies might keep the particles i in ſome degree | 
together, but then they would be quite in a fluid ſtate ; for, as to 
the attraction of coheſion inherent in the minute particles of 


matter, 
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Matter, it 15 evident no” ſuch principle does exiſt, and every | 
perſon who has ſtudied nature through the medium of electricity, 
muſt be ſatisfied of this truth; ſo that if a body were formed of 


active matter alone, and the particles afterwards ſeparated, they 


never would combine again of themſelves; but if a certain quan- 


tity of nonelaſtic particles be mixt with them, bodies will ever be. 


forming and ſeparating. 


I do not pretend to aſſert how, or from whence comets are 


formed, but I think it extremely probable they are recent combi- 


nations of matter, where the two ſpecies of particles are not in a 


proper ſtate of equilibrium. To determine how far this ſuppoſt- 


tion 18 reaſonable, let us ſee how juſtly it agrees with the pheno- 
mena of theſe bodies. 5 Ig. 2. plate J. repreſents the body of a 


comet with its atmoſphere ; j its ſeveral poſitions point out the 


track which it purſues through our ſyſtem : 3 let us ſuppoſe its firſt 
appearance to be at A, and further, that the body is in ſuch a ſtate 


as to emit twice, thrice, or ten times as much matter on the ſide 


4, as on the oppoſite ſide ö: this being the caſe, the comet muſt 
neceſſarily be forced by this diſproportion of its power on oppo- 


lite ſides, with a velocity proportionate to this difference, to its 


ſituation at B, and 1 in like manner from B to C: the comet being | 


from 4 to a, mult here be counteracted by the ſuperior action of 
the 


arrived at C, the power which forces it towards the ſun acting 
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the ſun, which will preſs upon its atmoſphere with greater force 
at the part h, than at i, the diſtance from the center of the ſun 
to the former being leſs than to the latter: now, the comet being 
impelled by its power a a, and reſiſted moſt by the ſun at Y, will 
yie'd from the counteraction of theſe two oppoſite forces towards 
7, which by altering the poſition of the. power 4 4, will give a 
different direction to the body, and the force à a, will not now 
impel the comet directly onwards to the ſun, but will for ce it on 
the curve K to E, and from thence to F; where the poſition of 
its body being entirely reverſed (by the cauſes aboveſtated), the 
| ation of the power 4 4 will impel the comet with as great 


velocity from the ſun, as it did before towards it. 


Tux tails of comets are, * think, occaſioned by the motion of 
the particles emitted from the ſun being ſo much ſwifter than 
the advancing, or receding motion of the comet; if particles 
paſs from the ſun to the earth at the rate of 164.494 miles in a 
ſecond, it is evident that they move much ſwifter than comets, 
for the comet which appeared 1 in 1680, when it moved with the 
greateſt celerity, did not exceed 2000; ſince, therefore, the matter 
from the ſun expands in every direction, thoſe rays that ſtrike 
upon the matter emitted from the comet, and paſs into its con- 
fuſed chaotic atmoſphere (which is compoſed of elaſtic and inert 
particles, the active forcing the paſſive backwards and forwards 


in 
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in every imaginable direction) muſt be almoſt or entir ely ſtopped 
by the watery particles; but the particles of matter from the ſun, 


that paſs juſt within and upon the outer edge of the comet's atmo- 


here, will force a great number of the groſs particles along with 


them, conſequently the matter muſt * always be denſer on that ſide 


of the comet furtheſt fr om the ſun; and as the reflection of light 


will be reciprocal to the denſity, it ev idently muſt be brighter, 


and cauſe the appearance. of a tail. 


Mu. Brvpone, in his Tour through Sicily and Malta, Letter 5 


24th, gives a particular account of a comet which he obſerved ; 


and not only offers ſome hints upon this particular part of philo- 


ſophy, but ſeems to confider the Newtonian theory in general as 
very unſatisfactory. As his obſervations coincide in ſome meaſure 


with my ideas, a few extracts from his letter are here ſubjoined. 


60 Ov comet is now gone, we firſt obſerved i it on the 24th. It 
had no tail, but was ſurrounded by a faintiſh, ill defined light, 
that made it look like a bright ſtar ſhining through a thin 


66 


>» 


« cloud. This, in all probability, is owing to an atmoſphere 


around the body of the comet that cauſcs a refraction of the 


% 


* 


rays, and prevents them from reaching us with that diſtinctneſs 


c6 
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the more perſuaded of this two nights ago, when we had the 
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we obſerve i in bodies that have no atmoſphere.— We were ſtill 
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good fortune to catch the comet juſt paſſing cloſe by a ſmall 
fixed ſtar, whoſe light was not only conſiderably dimmed, but 
we obſerved a ſenſible change of place in the ſtar, fo ſoon as 
its rays fell into the atmoſphere of the comet, owing, no 


doubt, to the refraction in paſſing through that atmoſphere.” 


—< It is now immerſed ; in the rays of the ſun, and has cer- 


Ula got very near his body. If ; it returns again to the regions 


of ſpace, it will probably be viſible in a few days ; batt own t- 
ſhould much doubt of any ſuch return, if it is really by | the 

attraction of the fun that it is. at preſent carried with ſuch : 
amazing celerity towar ds him. This is the third comet of 
| this kind, whoſe return I have had an opportunity of watch- 
ing ; but never was fortunate enough to find any of them after 
they had paſſed the ſun : though thoſe that do really return, 


appear at that time much more luminous than before they 

approached him.— The aſtronomy of comets, from what I can 
remember of it, appears to be clogged with very great difficul- 
ties, and even ſome ſeeming abſurdities. It is extremely diffi- 
cult to conceive that theſe immenſe bodies, after being drawn. 


to the ſun with the inconceivable velocity of a million of miles 


in an hour, when they have at laſt come almoſt to touch him, 
ſhould then fly off from his body with the ſame velocity they 
approached it; and that too by the power of this very mo- 


tion that his attraction has occaſioned, —The demonſtration of 


„this 


Ls 


( 
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this I remember is very curious and ingenious; but I wiſh it 


may be entirely free from ſophiſtry. No doubt, in bodies 


moving in curves round a fixed center, as the centripetal mo- 


tion increaſes, the centrifugal one increaſes likewiſe; but how 


this motion which is only generated by the former, ſhould at 
laſt get the better of the power which produces it, and that 
too at the very time that that power has acquired its utmoſt 
force and energy, ſeems ſomewhat difficult to conceive.—It 
is the only inſtance I know, wherein the effect increaſing 
regularly with the cauſe, at laſt, while the cauſe is {till ating 
with its utmoſt force, the effect entirely gets the better of the 
cauſe, and leaves it in the lurch; for the body attracted is 
+ at laſt carried away with infinite velocity from the attracting 
body. By what power is it carried away? Why, ſay our phi- 

loſophers, by the very power of this attraction, which has now 
produced a new power ſuperior to itſelf, to wit, the centrifugal 
force. However, perhaps all this may be very reconcileable 
to reaſon; far be it from me to preſume attacking ſo glorious 
a ſyſtem as that of attraction. The law that the heavenly 
bodies are ſaid to obſerve, in deſcribing equal areas in equal 
times, is ſuppoſed to be demonſtrated, and by this it would 
appear, that the centripetal and centrifugal forces alternately 


get the maſtery of one another. 
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« Howeve, I cannot help thinking it ſomewhat difficult to 
conceive, that gravity ſhould always get the better of the cen- 
trifugal force at the very time that its action is the ſmalleſt, 
when the comet is at its greateſt diſtance from the tun; and 
that the centrifugal force thould always get the better of gra- 


vity at the very time that its action is the greateſt, when the 


comet is at its neareſt point to the ſun. 


* To a common obſerver, it would rather appear that the fun, 
like an electric body, after it had once charged the objects 5 
that it attracted with its own effluvia or atmoſphere, by degrees 
loſes its attraction, and at laſt even repels them ; and, that the 
attracting power, like what we behold in electricity, does not 
return again till the efluvia imbibed fr om the attracting body 


is diſpelled or diffpated, when it is again attracted; and ſo on 
alternately. For, (at leaſt to an unphiloſophical obſerver) it 


appears ſomewhat repugnant to reaſon, to ſay, that a body fly- 


ing off from another body ſome thouſands of miles in a minute, 


ſhould all the time be violently attracted by that body, and 


that it is even by virtue of this attraction that it is lying off 


from it. He would probably alk, what more could it do, oy: 


were it really repelled ; ol 


Txt 


THE CAUSE OF MOTION. 53 


TE kind of bodies, or comets here ſpoken of by this ingenious 


Author, he conſiders as eſſentially different from the generality of 


comets mentioned by our aſtronomers. I before only pointed out 


what may be called the general path of comets; but it is evident 
from the ſame cauſe, viz. inequality of power on different ſides, 
their directions may be infinite. The principal difference between 
the comets here ſpoken of, and what is generally underſtood by 


that term, ſeems to conſiſt in their not exhibiting the phenomena 


of tails (inſtead whereof they are ſurrounded by a faintiſh light), and 


in never becoming viſtble after their progrefs towards the ſu un. 


Doubtleſs theſe bodies are of the ſame kind with other comets; for, 


as the direction wherein the comet ſhall move is prefcribed by that 


fide of the body which emits the largeſt portion of matter, if this 


power does not force itſo nearly in a direct line to the ſun, that his 


action ſhall alter the dir ection of the power, and of courſe the 


line the comet moved in, it never can return through the ſame 


part of the regions of ſpace, but will be carried onwards into 


the regions beyond the ſun ; and from its extreme velocity, it is 


not likely would ever more be iGble in our hemiſphere. 


Tur danger appr chended by aſtronomers from comets, does 


not ſcem to be entirely without foundation ; for, Hould one of 
theſe bodies, in its progreſs through the regions of ſpace, ſtrike 5 


upon the earth's atmoſphere, the percuſſion ariſing from the 


extreme 
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extreme velocity of the comet's motion would be ſo great, that 
the conſequent compreſſion of the atmoſphere would diffuſe the 
waters over the higheſt mountains, and it would be a conſiderable 
time after the departure of the comet before the vibration would 
entirely ſubſide, ſo as the ebbing and flowing of the waters ſhould 
as uſual be governed by the moon. It is perhaps millions to one 
that this never will happen; but it is evident the earth has 
ſuffered the moſt violent convulſions from this or ſome other 
cauſe, the irregularities of its ſurface, as well as the great number 
of teeth and ſhells of fiſhes found upon the tops of high moun- 
tains, are indubitable proofs that the parts of the earth have been 
extremely agitated, and that-theſe eminences have at ſome period 


been covered with water. 


Accor 18G to the theory here offered, it is evident no bodies 
are ever attracted and abſorbed into the body of the ſun to ſupply 

him with freſh fuel. Although it ſeems certain the ſyſtem will not : 
laſt to all eternity, yet (as will hereafter be explained) we may 
pretty ſafely aſſert, it will exiſt through a period of years infi- 


nitely beyond our conception. 


Fix ED STARS, If bodies, as I have aſſerted, are compoſed of 
elaſtic and nonelaſtic matter, and that the former, by its natural 
inherent property, is continually ſeparating from the latter, it is 


obvious, 
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obvious, in proceſs of time bodies muſt decay and be worn out, 
and new ones formed. This accordingly is obſerved to be the 
caſe; many ſtars, which in former ages ſhone with great brilliancy, 
have entirely diſappeared, or loſt much of their brightneſs, and 
many new ones have ſhone forth in different parts of the heavens. 
Lucid ſpots, cloudy ſtars, Magellanic clouds, and all the various 
changes of the celeſtial bodies, unite to confirm the univerſality 
of theſe properties in matter. But the decay of motion in our 
ſyſtem is of the greateſt importance, as we are furniſhed with 
| proofs thereof (if obſervations are to be depended upon), which 


cannot be controverted. 


FERGUSON, in a note, page 235 of his Aſtronomy, ſays, 
« There are two ancient eclipſes of the moon recorded by 
« PTOLEMN from HI PARcRHUs, which afford an undeniable proof 


bs of the moon's acceleration. 'The firſt of theſe vas obſerved at 


6 


* 


Babylon, Dec. che 22d, in the year before CarisT 383, when 
« the moon began to be eclipſed about half an hour before the 
« ſun roſe, and the eclipſe was not over before the moon ſet ; 


but by moſt of our aſtronomical tables, the moon was ſet at 


0 


* 


Babylon about half an hour before the eclipſe began, in which 
caſe there could have been no poſſibility of obſerving it.— The 
« ſecond eclipſe was obſerved at Alexandria, Sept. the 22d, the 
„year before CurisT 201, where the moon roſe ſo much 


« eclipſed, 
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eclipſed, that the eclipſe muſt have begun about half an hour 


before ſhe roſe; whereas, by moſt of our tables, the beginning 


of the eclipſe was not till about ten minutes after the moon 
roſe at Alexandria. Had this eclipſe begun and ended while 


the ſun was below the horizon, we might have imagined, that 


as the ancients had no certain way of meaſuring time, they 


might have been ſo far miſtaken in the hours that we could 


not have laid any ſtreſs on the accounts given by them: but, 


as in the firſt eclipſe the moon was ſet, and conſequently the 


ſun riſen before it was over; and! in the ſecond eclipſe, the {un 


Was ſet, and the moon not riſen till ſome time after it began; 3 


cc 


theſe are circumſtances which the obſervers could not Poſſibly 


be miſtaken i in.” 


; 3 5 * 
TRE above Author accounts for this acceleration of the moon's 


motion with the ſame kind of regard to a connection in his 


ſyſtem, as he preſerved in accounting for the tide's riſing on that 


fide of the earth turned from the moon. He ſays (in ſpeaking 


of the planets diſturbing one another's motions), page 83, « That 


$6 
« 


& 


= 


& 


<6 


there 1 15 reaſon to believe that the moon is ſomewhat nearer 


the earth now than ſhe was formerly; ; her periodical month 


being ſhorter than it was in former ages. For our aſtrono- 
mical tables, which in the preſent age ſhew the times of ſolar 
and lunar eclipſes to great preciſion, do not anſwer ſo well for 


very 
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very ancient eclipſes. Hence it appears, that the moon does 
*« not move in a medium void of all reſiſtance, F 174; and there- 
fore her projectile force being a little weakened, whilſt there 
« is nothing to diminiſh her gravity, ſhe muſt be gradually 
66 approaching nearer the earth, deſcribing ſmaller and {maller 


60 circles round it in every revolution, and finiſhing her period 


« ſooner, although her abſolute motion with regard to ſpace be 


4 not ſo quick now as it was formerly, and therefore ſhe muſt 


„ come to the earth at laſt; unleſs that Being, which gave her 
« ſufficient projectile force at the beginning, adds a little more 


to it in due time.“ 


I find Mr. Ferxcvson (from ſome calculations, page 90 of his 
Aſtronomy) conſiders the earth's atmoſphere to extend to the 


moon, but that it is 34.193 cyphers thinner than at the earth's 
ſurface. From this extreme rarity, he thinks it would not 
reſiſt the moon's motion ſo as to be ſenfible in many ages ; but 


that it might reſiſt her motion to a degree ſufficient to account 


for the above phenomenon. i we grant that the earth attracts 


the moon, the moon the earth in return; 1 that this attraction is 


directed to the centers of the bodies, and that this centripetal 


tendency is balanced by a centrifugal force; in ſhort, that the 
acceleration of the meon's motion flows naturally from what is 
called the centripetal and centrifugal laws; I would aſk how ir 


1 happens 
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eclipſed, that the eclipſc muſt have begun „bout half an hour 
before ſhe roſe: whereas, by moſt of our tables. the beginning 
of the eclipſe was not till about ten miaur- 2t:o7 the moon 
role at Alexandria. Had this eclp'- begun and ended while 
the ſun was below the horizon, we might hive imacined, that 
as the ancients had no certain way o meaGrins time, they 
might have been ſo far miſtaken in the hours that we could 
not have laid any ſtreſs on the accounts given by them: but, 


as in the firſt eclipſe the moon was ſet, and conſequently the 


ſun riſen before it was over; and in the ſecond eclipſe, the ſun 
was ſet, and the moon not riſen till ſome time after it began; z 


theſe are circumſtances which the obſervers could not poſſibly 
be miſtaken in.” 


TE above Author accounts for this acceleration of the moon's 


motion with the ſame kind of regard to a connection in his 
ſyſtem, as he preſerved in accounting for the tide's riſing on that 


fide of the earth turned from the moon. He ſays (in ſpeaking 


of the planets diſturbing one another's motions), page 83, That 
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there is reaſon to believe that the moon is ſomewhat nearer 
the earth now than ſhe was formerly ; her periodical month 
being ſhorter than it was in former ages. For our aſtrono- 
mical tables, which in the preſent age ſhew the times of ſolar 


and lunar eclipſes to great preciſion, do not anſwer ſo well for 
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% very: ancient eclipſes. Hence it appears, that the moon does 


<« not move in a medium void of all reſiſtance, F 174; and there- 


fore her projectile force being a little weakened, whilſt there 


is nothing to diminiſh her gravity, ſhe muſt be gradually 


% approaching nearer the earth, deſcribing ſmaller and ſmaller 


circles round it in every revolution, and finiſhing her period 


«ſooner, although ker abſolute motion with regard to ſpace be 


& not ſo quick now as it was formerly, and therefore ſhe muſt 
come to the earth at laſt; ; unleſs that Being, which gave her 
« ſufficient projectile force at the — adds a little more 


« to it in due tinie.“ 


1 find Mr. Fzrxcvsox (from ſome calculations, page go of his 


Aſtronomy) conſiders the earth's atmoſphere to extend to the 
moon, but that it is 34-193 cyphers thinner than at the earth's | 


ſurface. From this extreme rarity, he thinks it would not 


reſiſt the moon's motion ſo as to be ſenfible in many ages; but 
that it might reſiſt her motion to a degree ſufficient to account 
for the above phenomenon. If we grant that the earth attracts 
the moon, the moon the earth in return; that this attraction i is 
directed to the centers of the bodies, and that this centripetal 
tendency is balanced by a centrifugal force ; in ſhort, that the 


acceleration of the moon's motion flows naturally from what i is 


called the centripetal and centrifugal laws ; I would aſk how it 


I happens 
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happens that the earth does not complete a revolution round the 
ſun in leſs time ?—For certainly, if ſuch a body as the moon 
(according to aſtronomers) without an atmoſphere is ſo ſenſibly 
reſiſted to be determined by obſervation ; the earth with ſuch an 
atmoſphere reaching to the moon, muſt evidently be conſiderably 


reſiſted in paſſing through the material rays of light. 


Bor, as the idea of the earth with its atmoſphere (even if we 
ſuppoſe its atmoſphere but fifty miles high) being projected 
Vith a velocity of ſixty-five thouſand miles an hour through the 
material rays of light, without being thereby in the leaſt im peded, 
diſturbed, or prevented from circulating freely with the earth in 
its diurnal rotation, is ſuperior to. my comprehenſion, I leave it 


to thoſe whoſe ſubtilty of penetration may be found equal to 
the talk. 


Txis acceleration of the moon' 8 motion, and the decay i in that 
of the earth's, may I think be much more rationally accounted for 
on theſe principles, than by any law of the Newtonian theory. It 
has been obſerved, that the moon's atmoſphere is ſituate nearly at 
the extremity of the earth's; it has likewiſe been remarked that this 
was the cauſe of her {low motion in her orbit; now it is plain to | 
our ſenſes, that the ſun continually diſcharges a prodigious quan- 
tity of matter, and as it is impoſſible from the nature of this matter 


it 
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d ever all return to him again (e), it neceſſarily follows, 


that his power muſt be diminiſhed; and ſince the earth expoſes 
more ſurface in proportion to her magnitude, ſhe cannot emit ſo 


great a proportion of matter, and muſt therefore gain upon the 


ſun ; hereby the earth's atmoſphere muſt be enlarged, extended 


further on every fide, and incloſe more of the ſun s atmoſphere, 


by which means the earth muſt act with gr eater force upon the 


moon, and thereby accelcrate her motion, ſo that a lunation will | 


be completed in a ſhorter period. The decay of power in the 
ſan neceſſarily decreaſes his motion, and conſequently the force 
of his action upon the earth, which will therefore move propor- 


tionally (lower, and make our years of greater length. 


Ir may be gathered from the ſlowneſs of this decay, that the 
ſyſtem will exiſt ſeveral millions of years ; for if the ſun diſcharges 
a thouſand millions of tuns of matter every ſecond of time, his 
body is of ſufficient bulk to laſt twenty millions of years.—I have 


merely ſtated theſe obſervations, to prevent the vulgar or ſuper- 
y | P Z P 


ficial reaſoner from drawing falſe concluſions, by fancying, that 


from the conſtant diſcharge of ſuch a prodigious quantity of matter, 


a greater decay muſt ariſe than is obſervable from the preceſſion 


of the equinoxcs, &c. 


(e) A great quantity is com preſſed by the watery particles of the ſun's atmoſphere. into the 


form of clouds, which will be conſtantly expanding again and ſtriking into every direction ; fo 
that a very contiterable quantity by this means returns again to the body. 
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PHENOMENA OF THE MOON, 


O account for the various anomalies of the moon, has ever 
been conſidered as the moſt difficult part of the ſcience of 
the celeſtial bodies; the ſhifting of. the nodes, and the moving 
of the apogee in contrary directions; her various velocities in 
different parts of her orbit, and at different ſeaſons of the year; 
the exhibiting always the ſame, or nearly the fame face, and 
innumerable other minute irregularities, have been the ſubject of 
much trouble and perplexity to the aſtronomical world. . 


Tusk varied irregularities, thefe infinite variety of motions, 
will not, I preſume, appear incongruous to this theory ; but it 
muſt be obſerved, it is impoſſible to apply theſe principles to the 
ſolution of the moon's phenomena in ſo decifive a manner as we 
could wiſh, for ſeveral reaſons. Her anomalies ariſe from the 
peculiarity of her ſituation ; that is, to her being expoſed to the 
2 action 
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action of two bodies, whoſe degrees of power muſt be continually 
varying ;—could we aſcertain the exact diſtance of the ſun from 
the earth, and the exa& proportion of his force, we could de- 


termine with preciſion the extent of the earth's atmoſphere; and 


were we alſo furniſhed with the exact diſtance and power of the 


moon, we could then aſſert how far ſhe is expoſed to the action 


of the earth, and how far to that of the ſun, in every poſition; | 


but ſince neither the diſtance of the ſun from the earth, his mag- | 


nitude, nor the diſtance of the moon, are aſcertained with ſufh- 


cient accuracy to determine their degrees of power deciſively, 


we mult content ourſelves with pointing out by what cauſe the 


the principle of her irregularities are produced. 


' ProLemy, and moſt of the ancient aſtronomers, reckoned the 


diſtance of the moon to be 59 of the. earth's ſemidiameters, or 


236.000 miles, VANDELIN and HUyGENs 60, CoPERNICUs: Go 2, 


TyCRHO 564+; Sir Isaac Nxwrox is of opinion 'T'Ycrc's tables 
make too great an allowance for refraction, and therefore he 
places the moon at the diſtance of 60 of the earth' 8 ſemidiameters; f 
as the quantity of refraction is ſo very uncertain, I have taken 


the mean of theſe different calculations, and ſuppoſe the moon 


to be 58: ſemidiameters, or 234. ooo miles from the center of 


the earth; ſo that admitting the radius of the earth's atmoſphere, 


(ſee phenomena of the earth) to be 257.500 miles, and the radius 


5 
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: 
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of the moon's 37. oo0; ſhe muſt be ſituate partly within, and 
partly without the earth's atmoſphere, as repreſented fig. 1. 
plate III. I do not aſſert this is precitely the place of the moon, 


it muſt be determined by nice obſervations of her phenomena, in 


the different parts of her orbit (perhaps, by this means, we 
may be enabled to fix the dimenſions and diſtances of the ſun, 
the earth, and the moon, with a greater degree of exactneſs 


than by any method hitherto practiſed); we may however ſafely 


aſſert ſhe is ſituate, either as repreſented fig. 1. or fig. 2.; for, 


if the power of the fun did not ſo far interpoſe as to prevent the 
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earth's atmoſphere from entirely cloſing round that of the moon, 


or were ſhe ſituate as repreſented fig 3. ſhe would undoubtedly 
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turn upon her axis as the other planets do (J), ſince it is evi- 63 
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dently the counteraction of the ſun, upon that fide of her atmo- 


— 
2 
$- 4 * 


— 
— 
„ 


7 P 4%; 
. l WP, 
n — 2 
ö 
- '£ — — 

— * 4 


„„ 4 


ſphere ſurtheſt from the earth, which compreſſes it, and prevents . 


— — 


* * po A 
— 4 


—— 
MN = 
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1 this is nearly the true place of the moon from the ſlowneſs of her 
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orbicular courſe, wherein ſhe muſt be retarded by the action 


of the ſun upon that part of her atmoſphere which comes in 


ontact with his. 
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(7) I have no (57470 in this place to the moon's menſtrual motion, by which ſhe may be 

ſuid ro turn on her vis with reſpect to the ſun; but when I ſay, turn on her axis as the other 

planets do, I mean that ſhe would, if it was not for her peculiar fituation, have a twofold. 
motion, occaſioned by the power of the earth, as the earth has by the action of the ſun, 
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Tus path the moon deſcribes in revolving round the ſun, and 


round the earth, may be repreſented by fig. 4. plate III. the line 
ABCD E F, points out ſo much of the earth's orbit as it paſſes 


over during a lunar revolution; and the line abc def, the 


track of the moon during the ſame period ; hence it appears, the 


moon is carried through twenty times the ſpace by the power of 
the ſun, than by that of the earth, and, as the moon is ſituate fo 
near the extremity of the earth's atmoſphere, this ſuperior power 
of the fun muſt have ſufficient influence to preſerve her at all 
times nearly! in the plane of the ecliptic; and, as the poles of the 
earth make an angle of 23 degrees with this plane, the moon 
muſt neceſſarily croſs the equator twice in every lunation, and 


be once at her greateſt northern, and once at her greateſt ſouthern 


declination, which is from 28 to 29 degrees. 


Tux better to explain the cauſe of the acceleration, and re- 


tardation of the moon's motion, ſee plate III. fig. 5., where the 


circle A A AA repreſents the equatorial parts of the earth's atmo- 


ſphere, and B the pole thereof; C the moon upon the equator, 
D her greateſt northern declination, E her place croſſing the line 
to the ſouth, and F her greateſt. ſouthern declination. Now 


the earth's s atmoſphere being very nearly ſpherical, the pouer: at 
all parts thereof muſt be nearly the ſame, and therefore B, 


pole, being conſidered as the axis, it is obvious the moon auſt 
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conſtantly deſcribe greater or leſs arcs, as her declination 


north or ſouth is more or leſs; that is, in paſſing from C to D, 


her orb is continually contracting, and as regularly dilating from 


D to E; and in like manner during the other half of the lunation, 


contracted from E to F, and dilated again from F to C; conſe- 
quently the moon muſt go much faſter round her center (the earth) 


in the higher latitudes, than in the low, and this would be uni- 


formly the caſe, were it not for the fluctuating power of the ſun 
upon her in different ſituations for he ſometimes adds to her 


ſloweſt motion, and deducts from her quickeſt; and at others, 


adds to her quickeſt motion, and deducts from her ſloweſt: hence 


at © appears, if the earth's orbit round the ſun were perfectly cir- 


cular, acted upon with a uniform number of impulſes, ſtill the 


varieties of the moon's motions maſt be almoſt infinite ; need 1 we 


then wonder that they are ſo, when there i is the greateſt reaſon 


to preſume the orb of the earth is far from a circle? Not that I. 


ſuppole it is ſuch a figure as the Newtonian doctrine would incul- 


cate (that is, a a regular elipſis, with a ſmall motion round the 


common center of gravity between itſelf and the moon), but that 


it puts on ſuch a figure, differing from a circle, as the reſiſtance 


ir om the fixed {tars is greater or leſs upon the ſun's atmoſphere, 
in the various parts of the earth” s annual courſe. | | Nice obſerva- 
tions upon the difference between true and apparent time will 


point out thoſe ſtars from which the ſun receives the greateſt 
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reſiſtance, and by this means we may furniſh ourſelves with the 
great outline, viz. the true figure of the earth's orbit; without 
this, none of our obſervations can be quite perfect. And although 
the moon's motions are ſo very irregular, every perſon. muit 
acknowledge, if the true cauſes of theſe varieties are pointed out, 
we ſhall be naturally led to the diſcovery of her true path, but 
without the help of this knowledge (the time when theſe motions 
are nearly repeated are at ſuch diſtant periods) philoſophy would be 
for ever baffled i in its attempts to reduce the moon's phenomena to 
-Fig. 6. plate III. is the ſame object in a 


different point of view, and may ſerve to elucidate more clearly 


; any regular ſ yſtem. 


what is meant by the moon's deſcribing leſſer arcs at her northern 
or ſouthern declination, than when upon the equator; the line 
A A is the radius of the circle ſhe deſcribes when in the former 


fituation, and BB the radius of the circle ſhe deſcribes when in 
the latter. 


SECTION 


CR UC EI WO RH OV. 


THE EBBING AND FLOWING OF THE SEA. 


HE len of the preſent Section being a phenomenon 


Wherewith every one is acquainted, its operations being 
in to our lenſes, it deſerves to be examined with particu- 
lar attention; for, as we here know the preciſe effect, the con- 
ſiſtency and juſtneſs of the cauſe aſſigned may be determined with | 
greater certainty, than upon ſubje&s where the effect as well as 


the cauſe are involved in ſome degree of obſcurity. 


TEE ebbing and flowing of the ſea would naturally engage the 
attention of mankind, whenever the underſtanding of man was 
ſuſſiciently cultivated to contemplate the works of nature; the 
ſubje& was however too abſtruſe, and it was for a long time con- 
fidered as one of thoſe occult operations which are performed by 
the immediate agency of the Almighty. But when it was 
obſerved, that the water roſe higher at certain times than at 
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others, and that ſuch higher riſings happened at uniform periods, 


it naturally led them to examine the ſituation of other bodies, to 


ſee how far they might interfere to pr oduce this phenomenon, 
They quickly | diſcovered, that the riſing was greater about the 
full and — of the moon, than at the firſt and third quarters, 
and, that it roſe higheſt of all at the ver nal. and autumnal. 
equinoxes; ; hence it was naturally inferred, fince the moon in 


certain ſituations has the power of altering the degree of ebb and 


flow, ſhe muſt certainly be the original cauſe of this motion of 
= the waters: but in what manner and by What action this was. 


effected, philoſophers have not hitherto been able to explain. 


Ix bodies mutually attract each other, it ſeems reaſonable that: 
the moon, by her attraction, ſhould raiſe the waters on the fide of 
the earth next her; but the cauſe of as. high riſing at the ſame 


time on the oppoſite ſide, ſeemed altogether ine xplicable by any 


reaſonable hypotheſis. At length, however, Mr. FEAGGUSsON with 
much ſeeming ingenuity unlooſed this intr icate knot, and ſug- 
geſted the plauſible theory which has been quoted, and ſuffi· 
ciently commented upon in the preceding part of this treatiſe. 
; 

Tux riſing of the tides has ever been conſidered as one of the 
moſt irrefragable proofs of the exiſtence of attraction, but (as 1 
before obſerved) if it were really by the arrradtion of the moon that 


2 the 
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the waters are raiſed, why are they not higheſt immediately under 
the moon? This queſtion is certainly unanſwerable, and when 


this matter, with the other parts of the phenomenon, are examined 


without prejudice, certainly I cannot be taxed with preſumption 


for aſſerting, the moon does not raiſe the waters on the ſide of 


the earth next her by her attraction, nor does the centrifugal 


force of the earth round the common center between itſelf and 


the moon cauſe the flux thereof on the other. 


TE ebbing and flowing of the ſea, clearly evince there is a 
connection between the earth and the moon. Since we find 


that attraction is not the baſis. of this connection, whence there- 


fore does it arife ?—The tides are obſerved to be higheſt againſt 


land expoſed to an open ſea, where the waters flow freely, about 
nine hours before the moon, and about three hours after her; 
that is, nine hours before the moon comes to, and about three 


honrs after ſhe has paſſed any given meridian, the riſing, if not 


obſtructed, will be at its greateſt perpendicular height againſt 
the ſides of the land. 


Tre moon being conſidered at the diſtance of 234.000 milcs 
from the center of the earth, and the ſemidiameter of the earth's 


atmoſphere being 257.500 miles, it follows that the moon's atmo- 


ſphere will extend about 18 + degrees upon the very extremity 
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of the earth's atmoſphere ; but this may be more familiarly 
explained by referring to the figure, plate IV. where E repreſents 
the earth, M the moon, AA AA the earth's atmoſphere, BBBB 


that of the moon. The earth and its atmoſphere are turned round 


by the power of the ſun (as before explained) in 24 hours, but the 


moon 18 not impelled 3 in her orbit by one revolution of the earth 


more than 13 degrees ; ; now, as the diſtance from the earth to 


the lower edge of the moon's atmoſphere, is leſs than to tlie 


place where the matter emitted from the earth and that emitted 


by t the ſun are of equal denſity; ; and, as the earth's atmoſphere 


by its diurnal motion is impelled againſt the atmoſphere of the 


moon with the velocity of goo miles in a minute, of courſe the 


matter of the earth's atmoſphere will be compreſſed in that part 


wy immediately between the earth and the moon; and from this 


extra compreſſion, the nonelaſtic fluid en the body E, will be 
forced from the point 4 towards b and c; but as the body M 
paſſes over the ſurface of the body E, from a towards c, the 


waters will be forced from c to ſome place further on, as at d, and 


the water that was ſwelled up at C, will, by its tendency to pre- 


ſerve the equilibrium, be found at e; ſo that ſuppoſing the earth 


were entirely covered ith water, and every part of the ſame 


depth, that is, the ſurface of the fluid, and the ſurface of the ſolid 


earth every where paralle], the waters would be higheſt, at any 


given 


| 
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given meridian, about 7 + hours before, and 4 + hours after the 
moon ; but this not being the caſe, ſhoals and coaſts running in 


every imaginable direction, a great variety in. the times of high 


water, according to the ſituation and number of obſtructions, 


muſt neceſſarily ariſe. 


FF it is a bold ſhore, the water being obſtructed thereby, it 


muſt naturally bring on high water much ſooner; o that there 


appears to be a perfect agreement between this theory and the 
phenomenon; and certainly, if we reflect but a moment, diveſted 
of prejudice, the motion that is continued in the ſea ſo long after 
a gale of wind, will convince us beyond a poſſibility of doubt 
that the water is preſerved in its ſpherical form by the preſſure 


of a ſtrong claſtic fluid, 


Tux flux and reflux of the ocean is a ver * trifling vibration of 


the prodigious maſs of water; it demonſtrates, however, that the 


earth and the moon act upon each other, and proves that it is the 


interference of the moon's atmoſ phere deſtroys the equilibrium. 


| 5 he reaſon the tides are not ſo high at the firſt and third quar- 


ters, as at the full or change, i is, becauſe at thoſe times the mat- 


ter from the ſun acts at right angles in oppoſition to the power 


of the moon: to explain this, ſuppoſe that I puſh with my cane 


hor izontally aas an obſtacle, it is obyious it a ſecond perſon 


puts 
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puts his hand 'on the middle of the cane, and puſhes perpendicu- 
larly, that my power againſt the obſtacle muſt be diminiſhed in 
proportion to the increment of his forcez and the reaſon the 
tides are higheſt at the equinoxes, is, becauſe the new and full 
moon croſſing the equator at thoſe times, compreſſes the atmo- 
ſphere in a greater degree; for, as I have ſhewn in the preceding 
Section, the particles of the earth's atmoſphere paſs much ſwifter 


by the moon when ſhe is upon the equator, than at the more 
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northern or ſouthern parts of her orbit; hence it naturally follows, 
by this increaſed compreſſure of the fluid immediately under the 
moon, the vibration of the waters on either ſide will be ſo 
much increaſec, FO 
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HE many and varied opinions reſpecting ATTRACTION, 
the word being conſidered under different acceptations by 


Aﬀiwvos writers, renders it- neceſſary to take a ſhort review of 


"66; 


64 


66 


ec 


the ſubject as it now ſtands, for which purpoſe the following is 
quoted from what is ſaid under this head by che Author of che 


new Cyclopedia. 11 


11 


66 ATTRA TION, in Mechanics, the act of a moving power, 


whereby a moveable is drawn or brought nearer to the 


: mover . 


« As Ac TION and REACTIOx are always equal, and contrary ; 


it follows, that, in all artraction, the mover is drawn towards 


che moveable, as much as the moveable towards the mover. 
L ui „ ATTRACTION, 


3 * 8 — POAINE e:. 
7 a] pe 0 os 4 — 
— * 2822 —-— ——— * Py — = 


lt 
„ 


* 
— 


— 
— & 


. 
b : . - "* 
4 : = © _ 9 


" ” ey * > — A 
„„ 
** 1 —_— 
- —_ S -- —— — + EI - 


— "> **% — —ů — 


74 


1e 


6 


* 


ce 


( 
ty 
TY 
T 
a 
40 
4 
40 
60 
40 


cc 


de” 


"os. 


e 
4e 


9 


* 


AN INQUIRY INTO 
T ATTRACTION, or ATTRACTIVE force, in the ancient phyſics, 


denotes a natural power ſuppoſed to be inherent in certain 


bodies, whereby they a& on other diſtant bodies, and draw 


them towards themſelves. 


« 'Tx1s the Peripatetics call the Marion of attraction; and on many 


occaſions SUcT10N ; and produce various inſtances where they 


ſuppoſe it to obtain.— Thus the air in reſpiration is taken in, ac- 


cording to them, by artra&ion of ſuftion; ſo is the ſmoke through 
a pipe of tobacco; and the milk out of the mother's breaſt : 
thus alſo it is that the blood and humours riſe in a cupping-plaſs, 
water in a pump, and ſmoke in chimnies; ſo vapours and ex- 
halations are attracted by the ſun, iron by the magnet, ſtraws 


by amber, and electrical bodies, c. But the later philoſophers 


generally explode the notion of attraction; aſſerting, that a body 
cannot act where it is not; and that all motion is performed 
by a mere fmpulſion.—Accordingly, moſt of the effects which 
the ancients attributed to this unknown part of artraction, the 
moderns have diſcovered to be owing to more ſenſible and 


obvious cauſes ; particularly the preſſure of the Alx. To this 


are owing the phenomena of inſpiration, ſmoaking, ſucking, cup- 
ping-glaſſes, pumps, vapours, exhalations, xc. 


15 
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„ Tax power oppoſite to attraction is called Reevis10N; which 


is alſo argued to have ſome place in natural things. 


„% ATTRACTION or ATTRACTIVE power, is more particularly 


ce 
40 
(e 
cc 


4. 


uſed in the Newtonian philoſaph Y. for a power, or principle, 
whereby all bodies, and the particles of all bodies, mutually 


tend towards each other.—Or, more juſtly, attraction is the 
effect of ſuch power, whereby every particle of matter tends 
« towards every other particle. 


« ATTRACTION, its laws, phenomena, Kc. form the chief ſubject 


- is 


T 


40 


1 


of Sir Isaac Newron'” 5 philoſophy. 


40 TaE principle of attraction, in the Newtonian ſenſe of it, 


ſeems to have been firſt ſurmiſed by Corxuxievs. « As for 


gravity,” ſays Corennicvs, « I conſider it as nothing more 


than a certain natural appetence (appetentia) that the Creator 
has impreſſed upon all the parts of matter in order to their 
uniting or coaleſcing into a globular form, for their better 


preſervation ; and it 1s credible that the ſame power is alſo in- 


herent in the ſun and moon, and planets, that thoſe bodies 
may conſtantly retain that round figure in which we behold 
them.” And Keri calls gravity a corporeal and mutual 


affection between ſimilar bodies, in order to their union. And 
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he pronounces more poſitively, that no bodies whatſoever were 
abſolutely light, but only relatively ſo; and conſequently that 


all matter was ſubje&ed to the law of gravitation. 


« Tux firſt in this country who adopted the notion of 
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attration was Dr. Gir BEkr, in his book De Magnete, and 


the next was the celebrated Lord Bacov. In France it was 
received by FeRMAT and Ros ERVAL; and in Italy by GarLt LEO 
and BokELL1, But till Sir Tsaac NewrTox appeared, this 


OR was very imperfeatly dt defined and — 


6 Ir muſt be obſerved, that chough this great Author makes 
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uſe of the word attraction in common with the ſchool philo- 
ſophers ; 3 yet he very ſtudiouſly diſtinguiſhes between the 


—The ancient atrractiom was ſuppoſed a kind of quality 
inherent | in certain bodies themſelves, and ariſing from their 


particular or ſ pecific forms. 


" Tux Newtonian arrraction is a more indefinite principle ; 
denoting, not any particular kind or manner of action, nor 
the phyſical cauſe of ſuch action, but only a tendency i in the 
general, a conatus accedendi to whatever cauſe, phyſical or meta- 
phyſical, ſuch effect be owing; whether to a power inherent in 


the bodies chemſelves, or to the impulſe of an external agent. 


" Ac coRDINGLY, 
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this action differs from all impulſion we know of ; impulſe 
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Math. notes, © That he uſes the words attraction, impulſe, and 


propenſion to the center, indifferently ; and cantions the reader 


not to imagine, that by attraction he expreſſes the modus of the 


action, or the efficient cauſe thereof, as if there were any pro- 
per powers in the centers, which! in reality are only mathema- 


tical points; or, as if centers could attract.“ So he conſiders 


centripetal powers as attractions; though, phyſically ſpeaking, 


it were perphaps more juſt to call them impulſes.” He adds, 


that what he calls attraction may poſſibly be effected by impulſe, 


though not a common or corporeal impulſe; or after ſome 


other manner unknown to us.” 


te ArrxacTiox, if confidered as a quality ariſing from the 


ſpocifie forms of bodies, ought, together with ſ ympathy, anti- 


pathy, and the whole tribe of occult qualities, to be exploded. 


But when we have ſet theſe aſide, there will remain innume- 
rable phenomena of nature, and particularly the gravity or weight 


of bodies, or their tendency to. a center, which argue a prin- 


ciple of action ſeemingly diſtinct from impulſe; where, at leaſt, 


there is no ſenſible impulſion concerned. Nay, what is more, 


being always found to act in proportion to the ſurfaces of 


bodies; whereas gravity acts according to their ſolid contents, 


£6 and 
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% ACCORDINGLY, that Author, in his Philoſoph. Nat. Prin. 
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% bodies; and the attraction of MAGNETISM and ELiECTRICITY, . 
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and conſequently muſt ariſe from ſome cauſe that penetrates 
or pervades the whole ſubſtance thereof, —This unknown prin- 
ciple, unknown, we mean, in reſpect to its cauſe, for its pheno- 
mena and effects are moſt obvious, with all the | pecies and 
modifications thereof, we call attraction; which is a general 


name under which all mutual tendencies, where no phyſical 


impulſe appears, and which cannot therefore be accounted 


cc 


for from any known laws of nature, may be ranged. 


« Axp hence ariſe divers particular kinds of attraction; as, 


Gravity, MacxETISs M, ELECTRICITY, Oc. which are ſo 
many different principles, acting by different laws; and only 
agreeing in this, that we do not ſee any phyſical cauſes thereof : 


but that, as to our ſenſes, they may really ariſe from ſome 


power or efficacy i in ſuch bodies, whereby they are enabled to 


act even upon diſtant bodies; ; though our reaſon abſolutely 


diſallows of any ſuch action. 
„% ATTRACTION may be divided, with reſpect to the law it 
obſerves, into two kinds, —1/?, That which extends to a ſenſible 
diſtance—Such are the Anraftion of Gravity, found in all 


found in particular bodies, 


« TRE 


” - — 
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« TRE attraction of Gravirty, called alſo by mathematicians : | 

&« the centripetal force, is one of the greateſt and moſt univerſal 1 | 
« principles in all nature. We ſee and feel it operate on bodies || 
« near the earth, and find, by obſervation, that the ſame power 1 
&« (7. e. a power which acts in the fame manner and by the ſame | j 
« rules, viz. always proportionably to the quantities of matter, 1 | 
* and as the ſquares of the diſtances reciprocally) does alſo obtain ji 
« in the moon, and the other planets primary and ſecondary, as Ml 
well as in the comets: and even that this is the very power Bi 
6 whereby they are all retained i in their orbits, &c. And hence, I 
. as gravity | is found in all the bodies which come under our 1 | 
« obſervation, it is eaſily inferred, by one of the ſettled rules of 1 
6 philoſophizing, that it obtains in all others; and as it is found ul 
eto be as the quantity of matter in each body, it muſt be in El 
% every particle thereof ; and hence, every particle i in nature is 1 
85 proved to attract every other particle, xc. 4 lj 
„ FROM this atrraction ariſes all the motion, and conſequently i f 

e all the mutation, in the great world. —By this heavy bodies F f 
* deſcend, and light ones aſcend; by this projectiles are directed, i | | 
* vapours and exhalations riſe, and rains, xc. fall; by this fl 
o rivers glide, the alr preſles, the ocean ſwells, KC. In effect, bh Il 
« the motions ariſing from this principle make the ſubject of that al 
« extenſive branch of mathematics, called Mecuanics or | . 
„ OTATICS; + 

1 
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„ STATICS; with the parts and appendages thereof, Hxpko- 


66 


STATIC S, PNEUMATICS. 


„% 24, 'TrAT which does not extend to ſenſible diſtances.—Such 
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is found to obtain in the minute particles whereof bodies are 
compoſed, which attract each other at, or extremely near, the 
point of contact, with a force much ſuperior to that of gravity; 
but which at any diſtance from |it decreaſes much faſter than 
the power of gravity. — This power, a a late 1 ingenious Author 
chooſes to call the attrackion of Conksiox; as being that 


whereby the atoms or inſenſible particles of bodies are united 
into ſenſible maſſes. 


« 'Tx1s latter kind of attraction owns Sir Isaac NewrTon for 
its diſcoverer; as the former does for its improver.— The 
laws of motion, percuſſion, &c. in ſenſible bodies, under 


various circumſtances, as falling, projected, &c. aſcertained 


by the later philoſophers, do not reach to thoſe more remote 


< inteſtine motions of the component particles of the ſame bodies, 


whereon the changes of the texture, colour, properties, &c. 
of the bodies depend: fo that our philoſophy, if it were only 


founded on the principle of gravitation, and carried ſo far as 
that would is us, would neceſſarily be very deficient. 


% Bur, 


ke 


a 
* 


66 


in the ſenſe of the word uſed by Sir Isaac Newrow and the 


uniform and confiſtent with herſelf. 
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4% BuT, beſides the common laws of ſenſible maſſes, the 


minute parts they are compoſed of are found ſubje& to ſome 


others which have been but lately taken notice of, and are 


even yet very imperfectly known. Sir Isaac Newrox, 


to whoſe happy penetration we owe the hint, contents himſelf 


to eſtabliſh, that there are ſuch motions in the minima natume, 


and that they flow from certain powers or forces not reducible 
to any of thoſe in the great world. In virtue of theſe powers, 
he ſhews, © That the ſmall particles act on one another, even 
at a diſtance; and that many of the pheromena of nature arc the 


reſult thereof. Senſible bodies, we have already obſerved, a 


on one another divers ways; and as we thus perceive ths 


tenour and courſe of nature, it appears highly probable that 


there may be other powers of the like kind; nature being very 


—Thoſ, e juſt mentioned 
reach to ſenſible diſtances, and ſo have been obſerved by vulgar 


eyes; but there may be others which reach to ſuch ſmall 


diſtances as have hitherto eſcaped obſervation ; and: it is pro- 


bable electricity may reach to ſuch diſtances, even without 


being excited by friction.” 
From this review of the ſubject it appears, chat attraclion, 


__ generality 


| | 
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generality of philoſophers, ; is only expreſſive of an effect, the va- 


rious phenomena whereof are the reſult of more primary cauſes, 


Some of our philoſophers, however, maintain the contrary, 
aſſerting that attraction and gravity are the firſt of ſecond cauſes ; 
whilſt other writers, allowing themſelves greater latitude, and 
not chooſing to trouble their readers with uſeleſs definitions, have 
made uſe of the terms indiſcriminately, either to expreſs a cauſe 


or an affect, as beſt ſuited their convenience. 


Ir! iS much to be lawn that more definite and leſs excep- 
tionable terms, whoſe meaning it was impoſſible ſhould be miſun- 
derſtood, have not been made uſe of; if attraction i is inherent to 
matter, if ſuch a property does exiſt in every particle thereof, 
then the term is warrantable; but if, on the contrary, the ten 
dency of bodies, and the particles of matter towards each other be 
effected by ſome other power, the word impulſe will equally 


anſwer every purpoſe, and is by no means ſo exceptionable. 


T conFEss I cannot help thinking there muſt have been fins 
| deſign in uſing the words attraction, impulſe, or propenſity of 
any ſort towards a center, promiſcuouſly and indifferently one 
for another, notwithſtanding Sir Isaac Newrox tells us he 


conſiders 
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conſiders thoſe forces not phyſically but mathematically. This 


however is extremely evident (whether Sir Is AAc conſidered 
attraction as an effect or a cauſe) that moſt of the phenomena of 
nature are explained by the idea of its being a cauſe. It is the 
attractiom of the ſun, counter -acting the projectile force, which 
produces the circular motions of the planets: it is by attraction 
that magnetical bodies operate on each other ; by attraction elec: 
trical ſubſtances, as amber, glaſs, xc. act on feathers, hair, &c. 
ATTRACTION of gravity, as an \ agent which occaſions the deſcent 
of bodies towards the center of the earth, is unjuſtly ſo called, 
though this ſpecies of attraction is very properly diſtinguiſhed 
from all other kinds. The operations of magnetical and electrical 
bodies are eaſily inferred to be effected by impulſe ; but the 
force of gravity being proportionate to the quantity of matter in 
the gravitating body, muſt of courſe act upon every particle 
thereof; and ſince impulſive forces can only act upon the ſuper- 
ficies of bodies, the aid of ſome other power is required to 
account for the phenomena of gravity. All bodies near the earth 
are ſubject to the laws of gravitation, and our philoſophers have 
endeavoured to prove that the ſame power obtains in the moon, 
the planets, and the comets, and that every particle in nature 
attracts every other particle. 
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Ir has been found by experiments, that bodies falling from any 
ſmail diſtance towards the center of the earth deſcribe 15 + Paris 
feet in one ſecond ; this force, ſay they, decreaſes in proportion 
as the {ſquares of the diſtance increaſe : : aſſuming theſe as prin- 
ciples, they endeavour to prove this power is extended to the ; 


moon, and that it is the very power whereby ſhe is retained 1 in 


her orbit. 


Dor a phenomena, which till of late eſcaped the obſervation of 
the philoſophical world, throws a new light upon this ſubject, 
proving that gravity is a more innate operation, and not the effect 
of an y attractive pr operty lodged in particles of matter of which 
the « arth i 18 compoled. I allude to this well-known fact, that if 
two bodies of fimilar diameters, but of different denſities, are 
projected with equal force, the heavieſt body will fly farther than 
the light one; e. g/. ſuppoſe two cannons loaded with a ball each 
whoſe ſuperficies are equal, but the one ſpecifically as heavy again 
as the other, are diſcharged with the ſame force of powder, the 
keavieſt ball will be projected to conſiderably the greateſt diſtance. 
7 his circumſtance attentively conſidered, will be found abſolutely 
to demonſtrate that the whole force of gravity, when a body is 
projected horizontally above a certain degree of velocity, is not 
directed towards the center of the earth; that the earth does not 


attract bodies in proportion to their' quantity of matter, and of 
4 


courſe 
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courſe that every particle in nature does not artract every other 
particle. Perhaps it may be urged, the reſiſtance of the air occa- 
ſions the earlier deſcent of the l ght body; but as the atmoſphere can 
only preſs upon the ſurfaces which are equal, it is impoſſible that 


ſhould be the caſe. I know there is a power which is conſidered 


by philoſophers as the cauſe of this phenomenon, viz. that ten- 


dency which bodies have to perſevere in motion; this I conſent 


18 the true cauſe, but we ſhall ſhew in the enſuing theory of 


gravity : that this VIS. is a natural conſequence depending upon a 


mechanical agent. 


Is is a rule in this philoſophy, that the quantity of matter 


emitted by any inferior body, 1s preſcribed by the quantity | 


emitted by the ſuperior; and therefore the expanſive or elaſtic 


force of any body muſt be pr oportionate to its magnitude: or in 


other words, if in a certain quantity of ſpace are ſituate a certain 


number of bodies, iſſuing matter into this ſpace (g), and if this 


matter, from its inherent property, expands into every direction, 


it is plain, that one body emitting a thouſand, or a million times as 


much matter as another, wall engroſs a thouſand or a million times 


as much ſpaceʒ of courſe the inferior body muſt be content with 


ſuch portion as its power ſhall enable it to occupy (in this * 


000 In this caſe we are not to conſider the ſpace void, but as filled with a fine. elaſtic 


medium of one univerſal denſity, 


42 0 
G 


7 
4 F . =; 1 * 8 — — 2 
* . * + % * ” 
p C 
5 — — — 9 * 


_— 
OS EE LT — rad —— — 


W n Arr rr jNERS AD 
%S — 4 ” -- 
— * 2 Y ” þ 
—_— > —— — — — — * 7 


_ 


2 — _- — : 


F . 4 3 x 


e. 
I? . 
= OLE 


i " Jar. 
. _ = 
* 8 — 5 * 
> 1 > lh te Sit 
1 


— — 


— 
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s to be underitood what is expreſſed by the ſizes of the atmo» 
ſpheres of the planets, and of the ſuperior preſcribing the power 
of inferior bodies). From theſe premiſes we deduce, that all 
bodies projected into the earth's atmoſphere do not contain a 
g ſumciency of matter, and of courſe expoſe too much ſurface to be 
able to ſupport themſelves; ; what then muſt be their deſtiny? 
amply- they muſt fall. That this power, which may with pro- 
priety be called vis moirix, is one of the great principles of 


gravity, is ev ident from the diſpoſition of bodies in an exhauſted 


receiver, 


Tre inclination obſer vable 3 in all bodies of falling towards the 
center of the earth, is one of the moſt difficult and abſtruſe phe- 

nomenon in the whole circle of nature's operations; yet doubt: ” 
leſs, if ſhe acts by certain immutable, mechanical laws, this alſo 
may be explained if we can attain a complete knowledge of the 
primary qualities of matter: indeed the whole phenomena of mo- 
tion are ſo intimately connected. that if we can trace out by what 
means nature performs any one of theſe motions, we ſhall be fur: 
niſhed with the cauſe, or cauſes, whereby ſhe effects the whole. 
Juſt ideas of the expanſive. properties of matter, is the chief 
principle to the under ſtanding of this ſubject : for the active par- 
ticles emitted from any body expanding and filling all the ſur- 


rounding ſpace, and lying with ſuch inconceivable rapidity, when 


2 they 
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they meet with particles of a ſimilar magnitude iſſued by another 


body, muſt be reſiſted (H); this reſiſtance produces a reaction on 


the medium through which they have paſſed; and this reaction 


upon all ſides muſt compreſs the remaining maſs into a ſphere, 
and from the ſame principle all ſmall bodies are forced towards 
the center thereof : thoſe watery paſiive particles, which by the 
force of the active particles are carried from the ſurface of the 
body, are by this means compreſled, forming ſuch 2 medium as 


that which ſurrounds the earth, moſt denſe at the Re and 


continually increaſing in rarity, as the diſtance from the body 


increaſes; the reſiſtance the matter from the earth meets with 


from the ſun's atmoſphere muſt communicate motion -to the 


whole, and this motion anſwers to the circular rotation of the 


earth and its atmoſphere, whereof all bodies ſituate therein muſt 


neceſſarily partaxe. This conſtant reaction preſerves all bodies 


The fine elaſtic particles of matter do net ſeem to ici each other in any conſiderable 
degree, but at thoſe parts where they meet with others of equal denſity. That matter flies 


with ſuch amazing rapidity, is gathered from the velocity: of the particles of light or matter 
from the ſun and to keep nature to her ſimplicity, we muſt ſuppoſe the matter emitted from 


the earth to hare the ſame progreſſive motion, and that its velocity increaſes in proportion to 
its diſtance and rarity. Light (according to aſtronomers) comes from the ſun in 8 4 minutes, 
therefore it mores at the rate of 164.000 miles in a ſecond ; and as it muſt increaſe in velocity 


(agreeable to this notion of general expanſion) as it recedes from the body, it muſt have come 


more than 164.000 miles the laſt ſecond. Confidering theſe things under this idea, it is 
obvious, the particles iſſued from the earth will have acquired a very great degree of velocity at at 
the diſtance of 257.000 miles, the ſemidiameter gf the earth's atmoſphere. 
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cloſe againſt the ſurface; for it is evident, any ſubſtance lying 
upon the ſurface of the earth, if it weighed one hundred pounds, 
would remain at reſt, were the central power or force of re- 
action equal only to one pound, and if ſuch body is attempted to 
be moved, the attempt muſt be reſiſted with its whole weight, 
for the reaſon already explained, that it cannot ſupport itſelf: 
hence we are furniſhed with the great outline of gravity, the 
deſcent of all bodies being occaſioned by the nnited efforts of 
theſe two pow ers: the vis motrix, or power of talling, becauſe the 
body does 107 contain a fuſe cienc of matter to ſupport itſelf; and the re- 
active force, which weary impels all ſubſtances towards the center 


of the earth, 

Some may find a difficulty in comprehending the nature of action 
and reaction upon which the ſeveral phenomena of the univerſe 
depend : for inſtance, it might plauſibly enough be aſſerted, that 
if the reactive force is one of the cauſes of the deſcent of bodies, 
it muſt be more powerful than the power which gives birth to it, 
viz. the emiſſion of the ative particles; otherwiſe this power, 
being ſtrongeſt, would carry off all bodies but it muſt be 
obſerved, the particles of matter when firſt emitted from the 
earth, are in a ſtate which differs much from thoſe which compole 
the air or medium which ſurrounds the ſurface; in the former 
caſe they are inconceivably minute, and ſo extremely compreſſed 


4 as 
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as to paſs through ſubſtances without communicating any or very 
little momentum ; (this will appcar obvious to any one who will 
obſerve the operations of the magnetic and electric matter). 
Perhaps this idea may be rendered more familiar by referri ing to 
plate VI. fig. 1. where the circle, of which A is the center, re- 


preſents the earth, B any certain quantity of corpuſcles emitted 


therefrom, and C a body projected into the atmoſphere : theſe 


corpuſcles we know, from a variety of experiments, paſs through 


v, 


ſubſtances without communicating (as before obſerved) any mo- 


mentum; and if, when they arrive at the extremity of the earth's 


atmoſphere, as at D, they are reſiſted by the matter from the 


ſun, and divided into perhaps a hundred times the number of par- 


ticles, ſo highly expanded as to occupy a thouſand times as much 


ſpace as they filled at their firſt emiſſion from the earth, it is evi- 


dent they muſt compreſs the particles which compoſe the me- 


dium immediately in contact with them, and as this medium is 


continued to the ſurface of the body A, this compreſſion or re- 


action thereof muſt extend thither likewiſe, and muſt therefore 


preſs upon the upper ſurface of the cor puſcles of which the body 


C is compoſed, by this means propelling it towards the center of 


the earth. That ſuch a conſtant preſſure of the atmoſphere is 


equal to this effect, is extremely evident from the reſiſtance it 
gives to projectiles, which of late has been diſcovered to be in- 
conceivably great. But theſe powers, it muſt be obſerved, could 
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not exiſt without the paſſive matter, or watery particles, which 


prevent the elaſtic corpuſcles from expanding ſo much near the 


ſurface of the earth, as they do at greater diſtances. 


Having now explained what I conceive to be the cauſe 
of reaction, we return to the main ſubje&, gravity. The pro- 
portionate forces of the vis notrix, and the central or reactive 


power upon falling bodies, is always the ſame but the reſiſtance 


of the air, which muſt be likewiſe conſidered j in the phenomena of 


grav ity, ſo varies the deſcent of bodies, that the degrees thereof 


cannot be eaſily reduced to any. general rules, and therefore adds 


much to the abſtruſeneſs of the laws obſerved by falling bodies. 


The re ſiſtance bodies meet with 1 in their paſſage thr ough the air is 


proportionate to the velocity with which they move, as well as 


to their forms, and quantities, of ſurface ;. although I have not 


| been able to. aſcertain its power of retardation upon ſubſtances of 


different forms, and moving with different. velocities, yet I am 


convinced by many repeated experiments, it is infinitely ſuperior 
to the proportion Sir Is AAC NE wrox has ſtated. Had 1 leiſure. 


and opportunity. to make nice experiments, I could have offered 


4 more determinate, demonſtrable theory of the various ſpecific 
gravity of. bodies, more worthy the attention of philoſophers 
than the looſe deſultor y one here laid down; but as I am not 


1 3 | furniſhed 


THE CAUSE OF MOTION. or 


furniſhed with theſe neceſſary materials, I ſhall only add a few 


words by way of illuſtrating the poſitions already advanced. 


Sorrosk a body is projected into the atmoſphere, what are the 
forces acting upon ſuch body? Fi t, the power which projected 


it, or the projectile force. Second, the reſiſtance of the air. 
Third, the central, or reactive force. And Fe ourth, the Vis MITIN, 


or power of falling. 


Ir a body is projected perpendicularly, there ate two powers 
counteraQting the projettile force, viz. the reſiſtance of the air, 
and the central power; at a certain height, theſe powers will be 


in equilibrio, that is, the countera&ion of the two powers is be- 


come equal to the force of the projectile; the body, now 


ſuſpended ; in mid-air, being ated upon by the fourth power, or 


vis motrix, muſt of neceſſity fall, and towards the center of the 


earth, becauſe the central or reactive force preſcribes that direc- 
tion: the power of the projectile being now annihilated, the 


reactive force acts in conjunction with the vis morrix, and from the 


united action of theſe two powers perpetually acting ariſes the 


accelerating force of gravity 3 but the reſiſting medium, as it be- 


fore oppoſed the aſcent, now oppoſes the deſcent of the body, 
deducting from its weight in propor tion to its lurface, form, 


and velocity, 
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Urox theſe grounds, we eaſily explain that property in bodies 
called by our philoſophers the power of perſevering in motion; for, 
it a body of any given magnitude, not ſufficiently large to ſupport 
itſelf, muſt fall, and has the ſame tendency to proceed in any 
direction, that power which acts upon it with the * force 
muſt preſcribe the direction in which it ſhall perſevere.— Thus 


when a body is moved by any impulſe, as the action of gun- 


powder, &c. with a greater degree of velocity than ſuch body 
would deſcribe in deſcending from any given height by the force 
of the central power only, then would this vis moirix, this ten- 
dency of perſevering in motion, or of falling into any direction, 

act with the projectile; and its power being always proportionate 

to the quantity of matter in the moving body, it is a neceſſary 
conſequence, that if two cannon balls of ſimilar magnitudes, but 
of diſſimilar denſities, are projected with equal force, the heavier 


will perſevere in the motion communicated longer than the 


light one, 


We find, from our ſenſes, that matter continually iſſues trom the 
fun, and by experiments we can prove, that preciſely the ſame 
ſpecies of matter continually iſſues from the earth; now if there is 
any analogy between the heavenly bodies, the reſt of the planets 
do ſo likewiſe ; and if ſo, it is ev ident the 8 mult preſcribe 


the quantity of matter iſſued by each, and the lim its of their 


atmoſ pheres; 
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atmoſpheres ; if theſe premiſes are admitted, the preceding theory 
of gravity is undoubtedly juſt, and therefore the power all ſmall 
bodies (we make our experiments upon) have of moving, and the 
cauſe of their remaining at reſt, proceeds from the cauſes here laid 
Gown, viz. the vis motrix, from the bodies not containing ſufficient 
quantity of matter to ſupport themſelves, and the cauſe of reſt from 
the united action of the vis motrix and the central or reactive force. 
However paradoxical 1 it may appear, that the cauſe of abody s motion 
| ſhall be the very cauſe of its remaining at reſt, it is undoubtedly true 
with reſpect to all ſmall bodies; but it muſt be obſerved, this reſt is 
only relative reſt, ariſing from the intervention of the ſurface of 
the earth, which {tops the progreſſive deſcent of all ſmall bodies. 
Every phenomena 3 in the univerſe proclaims t there is no ſuch a thing 
as abſolute reſt ; and therefore relative reſt muſt proceed from 
motion, and motion from ſome inherent property, ſtampt upon 
matter by the all-powerful CREA ren That Gor does conduct 
the operations of nature by ſecond cauſes is no new opinion, 
Certain it is“, ſays Lord Bacon, © that Gop worketh nothing 
in nature but by ſecond cauſes : and if they would have it other- 
« wiſe believed it is mere impoſture, as it were in favour towards 
60 Gov, and nothing elſe but to offer to the Author of truth the 
« unclean ſacrifice of a lye.” But the Rev. Mr. Joxes' 5 reaſon- 


ing upon this ſubje& is too ſtrong and concluſive to be omitted, 


— 
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« Tzxar Gon does, in many caſes, govern the world by 
material agents, and conſerve the motion of bodies by the 
activity of ſecondary cauſes, is beyond diſpute. The ſupport 
of animal life by breath; the motion of a ſhip before the wind; 


of the ſap in vegetables at the approach of the ſun's light ; of 


the mercury in the barometer by the preſſure of air 3 of the 


fluid in the thermometer by the expanding power of fre; 


of bodies impelled and driven off again by the flux and reflux 


of the electrical ther, with innumerable other phenomena of 
nature, all conſpire to eſtabliſh this plain truth. And if it be 
an axiom in phyſics, that more cauſes are not employed where 


fewer will ſuffice, how comes it to paſs that thoſe agents, 


which confeſſedly miniſter to ſo many and g great effects, are 
not ſufficient for the producing of all? Shall we allow that 


© Goo governs the world by a ſubordinate agency and mechaniſm 


in ſome caſes, where that agency appears to us, and deny it 


in others, merely becauſe we have loſt ſight of it, or becauſe 


it would make againſt us? A philoſophy that labours under 


this difficulty, and is one while working with a material cauſe, 


and in the next breath with an immaterial one, be it ever ſo 


ingeniouſly put together, will after all be liable to this grand 


exception; at beſt it is inconſiſtent and unworthy of Gov. 


Every body muſt ſee and know that there are material cauſes 


acting in the world; and he that denies it muſt deny his 
« ſenſes: 
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« ſenſes: if theſe cauſes are not ſufficient to perform all the 
« {tated operations of nature, then the CREATOR hath made uſe 
&* of {uch means as are not proportionable to the end. If 
the CREATOR himſelf performs them by the immediate agen- 
7 cy of his own ſubſtance, then is there no need of any other 


« cauſes; they are all ſuperfluous. But that there are other 


« cauſes is abundantly evident ; z therefore they muſt be capable 


«ot anſwering their end, and every material effe& will be i imme- 
6 diately owing to a material cauſe. What [ here ſay is grounded 
« upon this reaſonable poſtulatum, if it may not rather be called 
« an axiom, That the wiſdom of Gop is conſiſtent with itſelf in 
« its operations; and that he wants neither power nor {kill to 
« avoid the error of inconſiſtency : : grant but this, and the argu- 
«© ment amounts to demonſtration.” Joxes's Firſt Prin. Nat. 


Phaot. 2 30. 


Wz now proceed to the phenomena of Macnertism, 


upon which ſubje& it is hoped the ideas laid down in 


the preceding part of this treatiſe may throw conſidèrable 
light. Many ingenious hypotheſes have been offered to 
explain the operations of magnetical bodies; ; by ſome it is 


ſuppoſed, the car th! 18 hollow and contains a nucleus in its cen- 


ter, ſurrounded by a fluid medium; and that ag grecable to the 


dir ection of this nucleus, the needle is turned to or from the- kl 
pole. | % p 
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pole. Others aflirm, there are ſeveral diſtin load{tones ſituate 
in different parts of the earth, which of courſe attract the needle 
as their vicinity renders them moſt powerful. A third opinion 
maintains, that a fine ſubtle effluvia is continually paſſing from 
pole to pole, which effluvia paſſing through the pores of the 
needle, communicates the polar direction. The two former 
opinions ſeem almoſt exploded, and in anſwer to the latter, if the 
matter paſſes from pole to pole, how comes it that the variation 


is ſometimes twenty, thirty, nay even fifty degrees; ? 


— 


Ir will readily be granted, that fine ſubtle particles of matter 
are conſtantly iſſuing from the body of the earth ;—now, if 
certain ſubſtances conduct this matter better than others, the 
particles will paſs through thoſe ſubſtances ; ; ſo that a body of this 
kind being ſuſpended in ſuch a manner as to vibrate freely, will 
aſſume and point the direction in which the matter paſſes. Ir is 
obvious too, that if theſe fine elaſtic particles are not iſſued from 
every part of the ſurface in ſimilar quantities, the particles will 
(from their inherent pr operty of expanſion) direct themſelves 
towards thoſe places whence feweſt are emitted: thus if a certain 
part, in a ſouth-eaſt direction from any other given part, docs 
not emit tlie elaſtic particles ſo plentifully, thoſe emitted at the 
latter will direct themſelves towards the former place ; ; the 


magnetic needle, when ſuſpended horizontally, will aſſume a 


2 ſonth- 
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ſouth-eaſt direction, and the dipping-needle will make a greater or 
leſs angle, as the matter paſſes more or leſs obliquely. That the 
matter emitted from the earth muſt rea& equally on every part 
is evident, ſince at the extremity of the earth's atmoſphere the 
particles muſt ; in all places be of ſimilar denſity; for, although the 


ſame proportionate quantity is not every where emitted, yet the 
matter, as before obſerved, from its inherent property will paſs 
| from the denſer towards the rarer parts, ſo that at ſome conſider- 
able diſtance from the ſurface, the ſurrounding medium muſt be 
in the ſame ſtate. Now as the atmoſphere, from this equality of 
the reactive power, preſſes equally on every ſide, it follows, that 
great varieties muſt ariſe in quantities of elaſtic matter iſſued from 


| different portions | of the earth, ſince wherever more ſurface is 


expoſed to the preſſure of the atmoſ] ſphere, fewer particles will 
have power to fly off: hence! it is obvious, a much ſmaller quantity 
will be emitted from the ſides of hills and riſing grounds than from 
low flat even ſurfaces. From theſe premiſes we conclude, there 
muſt be a great variety in the portions of matter emitted by 
different parts of the earth; and if, from any of the above cauſes, 
there is a general deficiency for any conſiderable ſpace, the par- 
| ticles from the ſurrounding parts will tend thereto, and of courſe 
the ſaſpended needle (as the matter paſſes moſt freely through it) 
will point in that direction, and the dipping-needle will mark its 
obliquity: when the matter paſſes off in perpendicular lines, the 


O dipping- 
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 dipping-needle will point to the zenith, and the horizontal needle 
will not ſtand in any particular direction; this, I need nat 
obſerve, is the caſe in ſome parts of the globe. 
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Ir ſeems very plain that the matter paiſes- ffom. the eaxth 
through rods of iron or ſteel, becauſe ſach rods. continuing for 
any conſiderable time in, a perpendicular poſition. acquire. the 
magnetic proper ty, and, will, when. ſuſpended, point out the 
direction of the matter; this. has been. imagined: to ariſe from 
ſome power pulling the end. of the rod downwards ;. but does it 
not appear, more reaſonable, Goce ſteel is known to be a better 
conductor than any other. ſubſtance, that: the matter paſſes. from 
the earth into the ſuſpended rod. and. out at the ends, becauſe 
there it meets, with. the leaſt, reſiſtance ;. and a greater quantity 
rom the ſouth end than from the north, becauſe that end of the 
rod having {toad upwards, the pores are naturally diſpoſed for 
the more. caſy admiſſion of. the matter? It is. worthy. remark, that 
when, ſoſpended horizontally this end will be elevated, and it.is 
farther obſervable, this end. which. points. towards the zenith. is 
much ſtronger than the other.: theſe are demonſtrative proofs that 
more matter iſſues. thencg, and that it ariſes from the earth. 


I. RE proceſs 5 of making magnets, being an incontrovertible proof 
of the matter's iſſuing from the earth, is here. ſubjoined.. as 
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laid down by the ingenious Mr. Canton. © Procure a dozen 
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bars, ſix of ſoft ſteel, each to be three inches long, one quarter 
of an inch broad, and one twentieth of an inch thick; with two 


pieces of iron, each half the length of one of the bars, but of 


the ſame breadth and thickneſs; alfo fix pieces of hard ſtee!, 
each five inches and an half long, half an inch broad, and thr ce. 
twentieths of an inch thick; with two pieces of iron of half the 
" length, but the whole breadth and thickneſs of one of the hard 


bars; and let all the bars be marked with a line quite round 


them at one end. Then take an iron poker and tongs, or two 


bars of iron, the longer they are and the longer they have been 
uſed the better ; and fixing the poker upright between the 
knees, hold to it, near the top, one of the ſaft bars (having its 
marked end downwards) by a piece of ſewing ſilk, which muſt be 


pulled tight by the left hand, that the bar may not ſude; then 


graſping the tongs with the right hand a little below the middle, 
and holding them nearly in a vertical poſition, let the bar be 
ſtroked by the lower end from the bottom to the top, about ten 


times on each fide, which will give it a magnetic power ſufh- 


cient to lift a ſmall key at the marked end ; which end, if the 


bar Was ſuſpended on a point, would turn towards the north, 


and is therefore called the north pole, and the unmarked end is 


« for the ſame reaſon called the ſouth pole. Four of the ſoft 


< bars being impregnated after this manner, lay the two parallel 
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to each other, at the diſtance of one fourth of an inch, between 
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the two pieces of iron belonging to them, a north and a ſouth 


pole againſt each piece of iron; then take two of the four bars 


already made magnetical and place them together, ſo as to 


make a double bar in thickneſs, the north pole of one even 


with the ſouth pole of the other; and the remaining two being 


put to theſe, one on each fide, ſo as to have two north and two 
F ſouth poles together ; ſeparate the north from the ſouth poles 
at one end by a large pin, and place them perpendicularly with 


the two north poles towards its ſouth, and the two ſouth poles 5 
towards its north end; ſlide them backward and forward three 
or four times the whole length of the bar, and removing them 
from the middle of this, place them on the middle of the other | 


bar, as before directed, and go over that in the fame manner; 5 


then turn both the bars the other ſide upwards, and repeat the 


former operation : this being done, take the two from between 


the pieces of iron, and placing the two outermoſt of the touch- 
ing bars in their room, let the other two be the outermoſt of. 
the four to touch theſe with; and this proceſs being repeated 


tin each pair of bars have bern touched three or four times 


over, which will give them a conſiderable magnetic power; 


put the half dozen together after the manner of the four, and 
touch with them two pair of the hard bars placed between their 


2 e OI „ irons, 
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« jrons, at the diſtance of about half an inch from each other ; N 
« then lay the ſoft bars aſide, and with the four hard ones let ö i 
the other two be impregnated, holding the touching bars apart q 
« at the lower end near two tenths of an inch, to which diſtance . | 
« let them be ſeparated after they are ſet on the parallel bar, and £ | 
M brought together again before they are taken off: this being a | 
- 4 obſerved, proceed according to the method deſcribed above, : 
till each pair have been touched two or three times over. | i 
6 But as this vertical way of touching a bar will not give it quite 3 i} 
o much of the magnetical virtue as it will receive, let each h 
* pair be now touched once or twice over in their parallel poſi- q h 
« tion between the 1 irons, with two of the bars held horizontally, 4 
« or nearly ſo, by drawing at the ſame time the north of one Tl 
= from the middle over the ſouth end, and the ſouth of the 5 { 
© other from the middle over the 3 end of a parallel bar; z 5 
« then bringing them to the middle again, without touching the of 
« paralle] bar, give three or four of theſe horizontal {trokes to # 8 
each ſide. The horizontal touch after the vertical, will make . | 
„the bars as ſtrong as they poſſibly can be made, as appears by 14 
their not receiving any additional ſtrength when the vertical ; ö 
« touch is given by a greater number of bars, and che horizontal | ' 
60 by thoſe of a ſuperior magnetic power. This whole proceſs k | 
« may be gone through in abont half an hour; and each of the 1 
« « large bars, if well hardened, may be made to lift tweaty8eight 4 
* Lroy 5 
| 
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Troy ounces, and ſometimes more. And when theſe bars are thus 


impregnated, they will give to an hard bar of the ſame ſize its 


full virtue in leſs than two minutes; and therefore will anſwer 


all the purpoſes of magnetiſm in navigation and experimental 


philoſophy much better than the loadſtone, which is known 


not to have a ſufficient power to impregnate hard bars. The 


half dozen being put into a caſe, in ſuch a manner as that two 


poles of the ſame dimenſions may not be together, and their 


irons with them as one bar, they will retain the virtue they 


have received; but if their power ſhould, by making experi- 


ments, be ever ſo impaired, it may be reſtored without any 


foreign affiſtance in a few minutes. And if, out of curioſity, a 


much larger ſet of bars ſhould be required, theſe will commu- 


nicate to them a ſufficient power to proceed with, and they 
may in a ſhort time by the ſame method be brought to their 


full frength 


We obſerve in this proceſs, that the end which is held upwards 


in preparing the bar, when the bar is ſo ſuſpended as to ſwing 


freely, 3 always endeavours to be elevated; this undoubtedly de- 
notes that the matter comes from the earth. 


We come next to treat of that property in magnetic bodies 
by which they act on each other: theſe motions agree with the 


ſame 
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ſame phenomenon we find in electricity; in fine, all motion, as 
things are at preſent ſituated, muſt ſpring from that elaſtic pro- 
perty we find in the active part of matter; but as bodies differ 
conſiderably 1 in their proportionate quantities of active and paſſive 


matter, as well as the ative matter being of different degrees of 


elaſticity, certainly ſome bodies muſt be better diſpoſed to let the 
active matter paſs through them than others; and ſuch ſubſtances 


only exhibit theſe appearances, which, by admitting this fine 


ſubtile matter to paſs through them with ſuperior facility, emit a. 


more than ordinary quantity. Two magnets laid on a table 


covered with a piece of white paper, then a few ſteel filings ſcat- 


tered around. them, will very nicely diſtinguiſh how the matter 


operates on applying the two north or ſouth ends towards each 
other: by noting the diſpoſition of the filings, it plainiy appears 
the matter iſſues from them in ſuch quantity as to force off the 
atmoſphere, which is of courſe preſſing continually on the atmo- 
ſpheres of the magnets on all ſides, the quantity of matter iſſued 
from each being equal, the particles are of the ſame denſity ; 


hence it is very natural to expect a reſiſtance to take place, 55 


if we. obſerve the meeting of the filings in the intermediate ſpace, 


the cauſe of theſe. bodies repelling each other is extremely 
obvious, as we there ſee the. reſiſtance marked out with great 


accuracy. Let a north and a ſouth end be placed in a ſimilar 


manner, and the filings ſca attered as before, we ſhall find the 
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filings very differently diſpoſed ; in this caſe we ſee no mark of 
any reſiſtance between the magnets, ſo that we muſt ſuppoſe (the 
ſouth end being the ſtrongeſt) that the matter from the ſouth 
end of one magnet enters the north end of the other, owing, I = 
imagine, to its meeting leſs reſiſtance in paſſing that way than 


into the air: ſince this appears to be the caſe, the cauſe of theſe 


bodies uniting is evidently owing to the uniform preflure of the 
atmoſphere. 


| Hence we may gather the laws obſerved by magnetic bodies, 
viz. when the particles emitted from each reſiſt each other more 
than they are reſiſted by the ſurrounding medium, then the 
bodies recede from each other ; but when the particles from the 
| bodies reſiſt each other leſs than they are reſiſted by the n. 
medium, then they are impelled together. 

Ir has been urged that the motion of magnetic bodies 
cannot be an effect proceeding from an impulſe without, becauſe 
| magnets act in the ſame manner under an exhauſted receiver; 
this however is drawing the concluſion too precipitately, for it is 
well known that this fine effluvia paſſes as freely through glaſs as 


if no ſuch ſubſtance intervened ; ſo that the atmoſpheres of the 


magnets being acted upon the ſame as before, no difference can 


ariſe between the phenomenon, in ſuch a vacuum, and in the open 


ſpace, 
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ſpacc. It ſeems confirmed on all hands, that the emitting of equal 


quantities of matter by two bodies is the cauſe of their repelling, 


and of unequal quantities the cauſe of their uniting ; thus two 
bodies in a politive {tate of elericity recede from each other, and 


ſo likewiſe two bodies in a negative tate. The ſouth ends of mag- 


= oppoſed to each other, repel; fo do the north; and vice verſa, 


a poſitive and a negative, a north and a ſouth unite. 


 ELlecTRICITY: I ſhall not enter into a long detail of the 


minutiæ of this ſubject, it will be ſufficient to examine the prin- 


ciples upon which the ſcience (for ſo it is called) is founde d. 
The Author of Cyclopzdia, under the article Theory of Electri- 


city, ſays, « In the more advanced ſtate of elefricity, there have 


e been two principal theories, each of which has had its advocates. 
„The firſt we ſhall mention is that of two diſtin& electric fluids, 
« repulſive with reſpect to themſelves, and attractive of one 
4 another, adopted by Mr. Du Far, on diſcovering the two 
e oppolite ſpecies of electricity, viz. the vitreous and the reſinous, 


and ſince new modelled by Mr. SYMMER. Theſe two fluids 


« are ſuppoſed to be equally attracted by all bodies, and to 


« exiſt in intimate union in their pores ; ; and in this ſtate to 
cc exhibit no mark of their exiſtence. The friction of an electric 
„ by a rubber ſoparates theſe fluids, and cauſes the vitreous 


+ cleflricity of the rubber to paſs to the electric, and then to the 
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« prime conductor of a machine, and the reſinous clectricity of 
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the conductor and electric to be conveyed. to the rubber; and 
thus the quality of the electric fluid poſſeſſed by the conductor 


and the rubber is changed, but the quantity remains the ſame in 


each. In this ſtate of ſeparation, the two electric fluids will 


6 -- 


exert their reſpective powers; and any number of bodies 
charged with either of them will repel each other, attract thoſe 


bodies that have leſs of each particular fluid than themſelves, 


and be ſtill more attracted by bodies that are wholly deſtitute 


of it, or that are loaded with the contrary. According to this 


| theory, the electri ic ſpark makes a double current, one fluid | 


paſſing to an electriſied conductor from any ſubſtance preſented 


to it, whilſt the ſame quantity of the other fluid paſſes from it; 


and when each body receives its natural quantity of both fluids, 


the balance of the two powers is reſtored, and both bodies are 


uncledrified. Thus alſo when a phial is charged by a con- 


a2 
ductor, the reſinous electricity of that ſide which is connected 


with the conductor is ; tranſmitted to the oppoſite ide connected 
with the rubber, and an equal quantity of the vitreous electyi icity 


18 returned from this ſide to the other; ſo that all the vitreous 


electricity is conveyed to one of the . and all the reſinous 


6c 


to the other. In this ſtate they mutually attract each other 
through the ſubſtance of the intervening glaſs, are thus pre- 


vented fr om being drawn away by any force that can be applie 8 
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ticles of it are as ſtrongly attracted as they are repelled by one 
© another. When bodies poſſeſs their natural ſhare of this 
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to them ſeparately, and ruſh to one another by means of proper 


conductors.“ The other theory he ſtates, © Is commonly 


diſtinguiſhed under the denomination of e and negativ. 


eg 


elect,icity, and was firſt ſuggeſted by Dr. Warsox, and digeſted, 


illuſtrated, and confirmed by Dr. Fraxxitin; and Þ has been 


ſince known by the appellation of the Franklinian hypotheſis. 


This theor: 7 luppoſes, “ That all the phenomena of electricity 


depend on one fluid fui g zeneris, extremely ſubtle anc claſtic, : 


diſperſed through the pores of all bodies, by which the par- 


fluid, or ſuch quantity as they are capable of retaining by their 


own attraction, they are then ſaid to be in an unelectrified 


ſtate; but if the equilibrium is diſturbed, and they either 
acquire an additional quantity from other bodies, or loſe part 
of their natural ſhare by communication 79 other bodies, they 
exhibit electrical appearances. In the former caſe they are ſaid 
to be electrified poſitively, or plus; and in the latter negatively, 


or minus,” This elaſtic fluid is, according to my ideas, one of the 


principles of which all bodies are compoled, which muſt neceſſarily 


operate, as it is obſerved to do, throughout the whole circle of 


electrical experiments. Poſitive electrics are bodies compoſed of 


a very large portion of highly elaſtic active matter; and it is evi- 


dent ſuch bodies muſt be leaſt porous, becauſe the particles having 


P 2 {0 
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ſo ſtrong an inclination to ſeparate, when in a ſtate of fuſion, re- 
a& with proportionate ſtrength, of courſe forming very cloſe 
maſſes with extreme minute pores. Negative eleQrics are bodies 
compoſed of a larger port ion of watery inelaſtic particles, which 
being incompreſũble and inert, will not ſuffer the elaſtic matter to 
exert itſelf without a much greater degree of friction; but even from 
theſe ſubſtances electric matter may be extracted, for wood, &c. 

when violently rubbed will pr oduce fire. That the electric mat- 
| ter is a fluid, extremely ſubtle and elaſtic, is F think too obvious 
to be doubted; from theſe plain facts, where nature evidently acts 
by the moſt ſimple laws, have I drawn my opinions « of the mode the 
great Des16 xXER and CREATOR of the univerſe has choſen to effect 
the various operations thereof. The term attraction is uſed to 
expreſs that effect excited bodies are obſerved to have upon light | 
ſubſtances ; this has been already ſhewn (fpeaking of magnetic 
attraction) to ariſe from an outward impulſe or preſſure of the 
atmoſphere : the uſe of this word to expreſs a cauſe, or inherent 
property in bodies, i 1S, in my opinion, a material objection to the 
preſent theory of electricity, and I am perſuaded the expulſion 


of this term would tend much to the advancement of true 


phyſical knowledge. 


Coxesion. To underſtand the phenomena of coneſion, nothing 
more ſeems neceſlary than to conceive aright the properties of 


active 


MG 
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active and paſſive matter, and the manner in which theſe qualities 


operate under different circumſtances. 


« How, and by what principle theſe ſevera? and diſtin cor- 
« puſcles ſhould come firſt joined and combined into little ſyſtems, 
and how they ſhould come to perſevere in that ſtate of union, 
« js a point of the moſt difficulty, and even of the moſt ; impor 
« tance of any in phyſics. * Cyclops Art. Cob. 


SIR Isaac Nzwrox' 8 doctrine of coheſion i is, that « The par- 
6 ticles of all hard homogeneous bodies, which touch one another, 
6c cohere with a great force; to account for which, ſome philoſo- 
« phers have recourſe to a kind of hooked atoms; which, in 
10 effect, is nothing elſe but to beg the thing! in queſtion. Others 
„ imagine, that the particles of bodies are connected by reſt, 
« j. e. in effect, by nothing at all: and others by conſpiring mo- 
4 tions, i. e. by a relative reſt among themſelves. For myſelf, it 
% rather appears to me, that the particles of bodies cohere by an 
e attractive force, whereby they tend mutually towards each 
other: which force in the very point of contact is very great; 
d at little diſtances is leſs, and at a little further diſtance i is quite 
40 inſenſible.” May I, without offence to the Albers of this 
great man, aſk, how much more to the purpoſe i is it to aſſert, that. 
the 
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the particles of bodies cohere by an attractive force, than to ſay 
ſuch effect is produced by a kind of hooked atoms: 


Tur coheſion of atoms or primitive particles, of which the 
celeſtial bodics are compoled, and why i in ſpherical forms, has 
alr eady been ſhewn to ariſe from the reaction of matter, which 
is a neceſia1 N conſequence in claſtic fluids that expand and are 
reſiſted. This theor y, upon the extenſive ſcale of the univerſe, 
holds equally good when applied to the coheſion of the particles 

of ſmall bodics, which are preſerved in a ſolid ſtate by the 
conſtant uniform reaction or preſſure of the atmoſphere; ſo 
that we have a perfect idea of the moſt minute phenomenon by 
referring to this great outline, or the continual expanſion and 
confequent reaction of the active part of matter, regulated by the 
inelaſtic, paſſive, water y particles, which are the great bond 
of union.— They who imagine the watery particles are not com- 
petent to this great purpoſe of regulating the expanſive force of 
the elaſtic particles, let me aſk them by what means water ex- 
tinguiſhes fire ?- 1: preſume no one will deny but that this 
is effected by compreſſion ; ſo that here we have 2 very familiar 
idea of the action of theſe two fluids on each other; and if reaſon 
has any place in philoſophy, it is reaſonable to ſuppoſe that an 


incompreſſible 
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incompreſſible fluid is the beſt calculated to adjuſt the expanſive 
force of the compreſſible (i). 


T'o melt or reduce metals to a fluid ſtate, a very ſtrong degree 


of heat or motion of claſtic particles is neceſſary; and a ſubſtance 
whilſt melting, or in a ſtate of fuſion, is ſurrounded by a ſtrong 


atmoſphere of elaſtic matter, which prevents the watery particles 


in the air from preſſing upon it: this will appear by holding the 


hand near the metal, when the extreme rapid motion of the par- 


ticles .will be very perceptible. It is worthy remark, that the 


metal will continue in a fluid ſtate after being taken off the fire, 


till the- motion of its particles has in ſome degree ſubſided, 


and the watery particles in the common atmoſphere have ſuf- 


ficient power to introduce themſelves, and mix with the melted 


fluid (k). Hence it ſeems obvious the watery particles, joined with 


the elaſtic, form folid bodies: and the elaſtic particles, by paſſing 


through the interſtices of the nonelaſtic, preſerve them in a fluid 


ſtate : hence too we perceive why water becomes frozen, viz. 


(i) According to Sir Isaac NEwrToN, where the attracting power ceaſes, there does a re- 


pelling power commence. Theſe ſtrange properties given to matter is, by this philoſophy, 


explained fimply thus: when the inert incompreſlible particles, by the uniform preſſure of the 


- atmoſphere, are too powerful for the elaſtic or compreſſible ones, then will the particles of any 
body remain in contact; but when the elaſtic ane matter is moſt powerful, the particles 


neceſſarily recede from each other. 


(+) That the watery particles are equal to this effect is obvious, or why does the immerſing 


a piece of red hot ſteel in water fix its particles ſo compactly? Can we deny that this is per- 
formed by the incompreſſibility of the water? or is it by attraction ? 
when 


» * *7 a 1 
* L — a — -Y — 
W A . 2 * 


. - 


_ 
, . — — * — * 
— „ 35 : 25 — : * * ** » = . 
- ö * . —— 
p CL. 4s p ' 4 d a 2 
. ö * 22 — = 2 4 ge - A o — - - Sar 5 . *, - „ 4 
— 5 a 
_——— 2 — — . _ 92 a 
* _ . — — * 
1 
CY 2 g 
ths 
- ©. ov —— — _— 2 
_ . — 0 — — ww 1 * * — = ” 5 Q 2 Pha 
3 — — 


2 2 — 


—_—_ — 


— 
rr 
— — 2 7 — — — 


112 AN INQUIRY INTO 


when there is not a ſufficient motion of the elaſtic particles, the 


inelaſtic, by the uniform preſſure or reaction of the atmoſphere, 
adhere together. | 


Bo r there is a natural phenomenon which places theſe matters 
in a Rill clearer point of view, i. e. volcanos; ; how do the ad- 
vocates of the propoſition, That every particle in nature attracts 
every other particle, account for theſe notorious operations? Da 


they not act diametrically oppoſite to, and poſitively contradi& 


ſuch an idea? If our prejudices have not abſolutely blinded us, 


and chained our reaſon, we ſhall no longer ſupport this theory of 


univerſal attraction, but ſhall be judicious enough to dope more 
rational notions. 


ALL mountains of any conſiderable height, and that terminate 
in a point, either are or have been volcanos ; there may indeed 
be ſome exceptions to this general rule, but be aſſured, if ſuch 
mountain terminates in an immediate point, it is compoſed of mat- 
ter that has an extraordinary ſhare of watery inelaſtic particles, 
otherwiſe it would burn like other mountains: the reaſon is 
obvious, the higher the barometer i is elevated above the general 
ſurface of the earth, the lower the mercury therein deſcends, con- 


ſequently the preſſure of the atmoſphere decreaſes in a ſimilar 


proportion; now the point of the mountain expoſing leſs ſurface, 


2 (and 
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(and the quantity of watery particles in the atmoſphez re, as well 
ns its preſſure, being alſo much leſs upon that than upon any other 
part) the expanſive force of the elaſtic matter will be ſufficiently 
po erful to break through the ſurface; and when this operation 
is once performed, it will conſtantly continue emitting, becauſe 


the watery particles in the ſurrounding atmoſphere canaot be 


: ſufficient to counteract its force, till a long ſeries of years ſhall 


have exhauſted the matter tained within fide the mountain.— 


Plate V. fig. 1. will explain this and other phenomena of vol- 
canos more familiarly, AAAA repreſents a mounrain, BB B 


the direction of the matter; for as it is continually iſſuing out of 


the mouth of the crater, it will as conſtantly tend thitherwards 
from all the internal parts, naturally endeavouring to preſerve the 
equilibrium; the conſequence of this muſt be a general inteſtine 


motioa for ſeveral miles, which forming an almoſt inexhauſtible 


quantity of matter, it ſeems reaſonable that a mountain ſhall con- 


tinue to burn for ages. —T his uniform convergency of the matter 


towards the crater, or point, , becauſe it there meets with the leaſt 
reſiſtance, neceſſarily leaves the ſides of the mountains deſtitute, 
and furniſhes us with the reaſon why the ſides of theſe mounta 

are perpetually covered with ice and ſnow, viz. becauſe there is 
not a ſufficiency of elaſtic matter to paſs through and fluiditat 
theſe ine laſtic particles. Matter will continue to iſſue from te 
top of the mountain, till ſuch time as the preſſure of the 


a _ atmoſpher. 
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atmoſphere (or reaction of the matter upon the watery particles) 
ſhall be ſufficiently powerful to counteract its force; but then the 
mountain will have loſt ſo much matter, and will expoſe ſo much 
= ſurface, that very little will be able to iſſue: hence it follows, the 
mountain under theſe circumſtances will be as intenſely cold as 
before. There 18 another more general cauſe why mountains of 
all deſcriptions are colder than the level parts of the earth, viz. 
the medium or atmoſphere being denſer at the lower than at the 
upper parts of the mountain, of courſe at the lower parts there is 
a greater number of inelaſtic particles, which refracting and re- 
flecting the rays of the ſun, cauſe a vibrating motion of the parts, 
which produce heat. It is obſervable, that the matter frequently 
burſts from the ſides of theſe mountains; this can only happen 
to a mountain that is conſiderably reduced, and the ſhell become 


very weak, and then when the matter, by ſome accidental cauſe, 


being accumulated in a larger than ordinary portion in the internal 
part (or perhaps the mouth of the crater ſtopped by the falling in 
of f ice, ſnow, &c. ), burſts through this thin ſhell, and forms as it 
were a new diſtin& crater, 


SECTION 
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REFLECTION or LIGHT. THE FORMATION OF CLOUDS. LIGHTNING. 
WATER-SPOUTS. LIGHT AND HEAT. 


T is not conſiſtent with my plan to enter into a minute 
inveſtigation of theſe ſeveral ſubjects. I ſhall only ſay a few 
words upon each, tending to ſhew that theſe appearances are 
not incompatible to, but perfectly correſponding with the prin- 


ciples 1 have been endeavouring to inculcate. 


TE laws of ReF LECTION have never been aſcertained, nor its 


various phenomena accounted for under the idea of attraction; 


from the foregoing theory, however, it is hoped ſome informa- 


tion may be derived. 


Ir the atmoſphere is conſiderably replete with watery particles 
ſuſpended by the elaſtic matter, the rays of light from the ſun 
running in ſtraight lines through this atmoſphere, muſt be impeded 
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by theſe incompreſlible impenetrable particles, and be inclined or 
forced back, that is, reflected, as they ſhall happen to ſtrike upon 
the ſpherules of water in. an inclined. or parallel. dire ion: to 
exemplify this, ſuppoſe plate V. fig. 2. repreſents a certain quan- 
tity of rays or particles of light paſſing through the atmoſphere ;: 
thoſe which are obſtructed by the watery particles will be directed 
this way and that way, from one to another, as ſhewn in the 
figure. By this means bodies are illuminated on every ſide; > but 
if the rays of light were not reflected by the watery par ticles, 
that ſide of bodies at any time furtheſt from the ſun would be 
totally dark; this alſo would be our ſituation when any cloud, 
loaded with a ſufficiency of watery particles wholly to intercept 
the rays, intervened ; and it is evident the light at ſuch times is 


derived from reflection, becauſe it is uniformly diffuſed and my 
minates all ſides of bodies alike. 


Tx1s theory might be demonſtrated, and the various degrees 
of light and ſhade reduced to mathematical laws, by ſuppoſing 
the rays of light peſſeſſed. of a certain velocity, the force loſt by 
their percuſſion againſt the particles of water equal to ſuch a 
ratio, &c.; but theſe nice demonſtrations do not to me, I confeſs, 


. of F any & utility. 


Tet 
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Tax FORMATION OF CLouDS may, I preſume, be conſidered as 
a proof that matter is endued with the properties, and operates 
in the manner here propoſed. Without action, or the continual 
iſſuing of elaſtic matter from the earth, there could be no aſcent 


of vapours, or paſſive watery particles; and without reaction 


theſe particles could not be compreſſed and formed into an atmo- 


ſphere; and without certain bounds, or places where the matter 


emitted by the earth is reſiſted, there could be no reaction. 


TE Newtonian philoſophy ſuppoſes the compreſſion of the 


atmoſphere ariſes from the gravity of its particles; but how then 


are theſe particles ſupported and prevented from deſcending and 


uniting to the ſurface of the earth? Nor does it appear leſs a paradox 


to our underſtandings to comprehend, why the attraction, which 


is the cauſe of this gravity, does not wholly prevent the ſepara- 


tion and aſcent. of any matter from the ſurface. Theſe doctrines 


are, however, endeavoured to be explained, and the property ob- 


ſervable in certain parts of matter endeavoured to be accounted for, 


by aſſerting, that where an attractive power ends, there does a re- 


pelling power take place; which is ſeeming to infer that matter is 


endued with a ſoul or thinking faculty, and that its operations are 
voluntary. I cannot, however, help obſerving, that by this aſſer- 
tion the learned Author contradicts himſelf; for, laying down the 


axioms | 
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axioms or laws of motion, he ſays, “ That all matter is inert, 


% indifferent either to a ſtate of reſt or motion.“ 


Lronrxixs proceeds from a compreſſion of the elaſtic matter 
by the inelaſtic, being generally produced by the junction of 
clouds forced together by the motion of the air, hereby of courſe 
a very large portion both of active and paſſive matter is accumu- 


lated, but by their union the elaſtic particles contained in each 


becoming too powerful for the government of the nonelaſtic mat- 8 


ter, immediately diſcharge themſelves into that direction which 
18 moſt open to receive them, or, which is the ſame thing, con- 
tains the few-eſt watery particles. If there happen to be clouds 
above, which contain a conſiderable quantity of inelaſtic matter, 
or the active particles force themſelves out at the lower ſide of 


the united clouds, they will neceſſarily dart downwards — 


cloud of this ſort may not unaptly be compared to a number 9 


electric ſparks, for the elaſtic matter muſt be ſurrounded with the 


watery particles, and when they break through the ſurface occa- 
ſion the ſound of thunder. 


IT has been the ſubje& of much diſpute whether a pointed rod, 
or one headed with a ball was the beſt calculated for the ſafety of T 
a building againſt lightning, A point expoſes very little ſurface, 

_ conſequently the reaction or preſſure of the atmoſphere is very 
trifling 
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trifling upon ſuch part of a body, of courſe conſiderably more of 
the elaſtic matter, which is ever paſſing through all bodies, will 
iſſue from the point than from any other part; by this means the 
watery particles in the ſurrounding atmoſphere are forced off to 


a conſiderable diſtance; now, if the lightning in its deſcent 


comes within the ſphere of the point's action, the particles thereof 
will immediately converge towards it; becauſe the elaſtic particles 


are cafily compreſled, and afford an eaſy paſſage to the deſcending Z 


matter: hence we fee why a pointed rod receives the lightning 


and leads it off better than one headed with a ball, viz. becauſe 


the ſphere of the action of the former extends to a much greater 


diſtance than that of the latter. See this delineated i in of V. 
fig · 3: 


WarerSeouTs. The firſt appearance of this phenomenon is 


in form of a deep cloud, the upper part whereof is white, the 


lower black; from the lower part hangs, or rather falls down what 


is called the ſpout, in manner of a conical tube, biggeſt at the 


top; under the tube is always obſervable a violent emotion and 


flying up of the water, like a column, or pillar, ſome yards above 


the ſurface of the ſea, 


Now, whether is it more reaſonable to ſuppoſe that the cloud 
contains more matter than the body of the earth, and therefore 
2 attracts 
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attracts the water (for otherwiſe if every particle in nature at- 
tracts every other particle, it is inconceivable how the cloud could 
draw up the water by its ſuperior attraction); or that the cloud 
putting on this figure, does in ſome degree prevent the reaction 
or preſſure of the atmoſphere upon the part immediately under it? 
grant but this, and the myſtery of water- ſpouts is very eaſily 
explained; for if the reaction be diminiſhed, the action muſt be 
proportionally increaſed, or the equilibrium could not be pre- 
ſerved; but as the elaſtic matter in the earth will i in ſuch caſes 
always at inſtantancouſly and with an irreſiſtible force, if the 
preſſure is conſiderably leſſened, no wonder the water 1s forced 


up in the manner obſerved in this phenomenon. 


Licar and HEAT ſeem to ſpring from one and the ſame cauſe, 
which 1 define to be the motion of the fine active particles of 
matter; but our fight being a much more refined ſuſceptible ſenſa- 


tion than our feeling, we can perceive light when there is not a 


ſufficient quantity of motion to affect us with heat. — Bodies are 
faid to be light, or dark; as theſe however are only comparative 
terms, a ſubſtance naturally light may be dark in compariſon of 

one extremely luminous; thus the ſan is ſaid to be lucid, the 
moon and the planets opake; but that this ariſes only from the 
great diſproportion in the quantities of matter emitted by each 


will not appear at all improbable when the immenſe difference in 


point 
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point of magnitude is eonſidered, and when it has been ſhewn by 
calculation that the tun emits eight thouſand three hundred and 
thirty millions of times as much matter as the moon does. The 
elaſtic matter is Licur and flear itſelf, and always produces 
ſimilar effects when the quantity and velocity of its motion is 


| ſufficient : the particles from the ſun, which ſtriking upon the 


ſides of the moon's atmoſphere oppolite to him, by the velocity 


they have acquired paſs through it in ſtraight lines (which 18 


— -. - 
— — 


: always the caſe, when the medium through which the rays are 
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paſſing is denſer than the particles whereof they are compoſed), [| 
and meeting with the incompreſſible, impenetrable particles upon : 
i 


| and near the ſurface of the moon, are refleted thence j in every 
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. direction, and of courſe afford light to the earth, but not in quan- 


tity ſufficiently large to produce heat. 


\ * 
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In the former part of this treatiſe I promiſed, that the non- 


exiſtence of a vacuum (or in other words, that the celeſtial ſpace 


cannot be either a perfect void, or ſo near ſuch a ſtate, as muſt 
of neceſlity be the caſe were the world goverr ned and the planets 
conſerved in their orbits and motions by che laws which Sir : | 
ISAAC Nx wrox and his followers have endeavoured to eſtabliſh) # 
ſhould be proved by incontrovertible evidence. The eclipſes of 
the ſun and moon were the objects then in view, and certainly 


R | from 
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from theſe phenomena may be deduced, without the poſſibility of 
deception, this plain fact, That the ſpace between the earth and the 
moon is replete with matter, denſer than the ſurrounding expanſe filled 
By the particles emitted from the ſun. A figure may perhaps elucidate 
the matter more clearly to ſome of my readers; ſee plate VI. 
fig. 2. where E repreſents the earth, the ſmall ſpace à a between 
the circles its ſuppoſed atmoſphere, and M the moon, in their a 
true proportions; now if A A A be a vacuum, how is the 
elaſtic matter B BBB (which comes from the ſun) prevented 
from diffuſing itſelf into and filling up the vacuum: It is very 
eaſy to ſay that the particles naturally move in ſtraight lines ; but 
by what we know of the properties of elaſtic matter, it imme- 
diately pervades all ſpace that is not occupied by a fluid denſer 
than itſelf : thus the elaſtic matter in an exhauſted receiver diffuſes 
itſelf into every direction, though this ſame matter, when paſſing 
through a denſe medium flies ſw iftly forward in a ſtraight line.— 
However difficult it may be to form juſt notions of the progreſ- 
ſive motion of light, it is evident the particles do not move in 
ſtraight lines but when the medium through which they are 
paſſing is denſer than themſelves. The matter in the blaze of a 
| candle is in a confuſed inteſtine motion, acting every way; - but 
at any ſmall diſtance, where the ſurrounding medium is denſer 


than the particles emitted by the burning taper, it is obvious 


they 
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they fly in ſtraight lines, becauſe any intervening body produces 


a ſhadow. Juſt ſo muſt it be with the particles from the ſun ; 
were not the ſpace between the earth and the moon already filled 
with matter, the particles would cloſe round the earth, and no 
eclipſe could poſſibly be produced. 
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ON THE VIS INERTLE OF MATTER. THE PATH OF PROJECTILES, & 


« DEFINITION II. 


* HE vis inſita, or innate Arce of matter, is a power of * ting, 


4e by which every body as much as in it lies endeavours to perſevere 


% jn its preſent fate, whether it be of reſt or of moving uniformly for- 
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Ke ward i in a right line. | ö 

| = | 

ns force is ever proportionate to the body whoſe force it 

* 1, and differs nothing from the inactivity of the maſs but in | 

% our manner of conceiving it. A body, from the inactivity of Fi 

£6 matter, is not without difficulty put out of its ſtate of reſt or i 

« motion ; upon which account, this VIS inſi ta may by a moſt EE, i 
cc ſignificant name be called vis inertiæ, or force of inactivity.— — 8 i 

© "muta body exerts this force only when another force impreſſed | 


6s upon it endeavours to change its condition; and the exerciſe 
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of this force may be conſidered both as reſiſtance and impulſe: 


it is reſiſtance, in ſo far as the body for maintaining its preſent 


« ſtate withſtands the force impreſſed; it is impulſe, in fo far as 


the body, by not eaſily giving way to the impreſſed force of 
another, endeavours to change the ſtate of that other. Reſiſt- 
ance is uſually aſcribed to bodies at reſt, and impulſe to thoſe 


in motion : but motion and reſt, as commonly conceived, are 


only relatively diſtinguiſhed ; nor are thoſe bodies always truly | 
at reſt which commonly are taken to be ſo. 


« DEFINITION IV. 


44 as impreſſed force ir an action exerted. 1 pon 4 hs in andy ro 
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40 


change its ſtate either of reſt, or of moving uniformly forward in 4 


right line, 


« 'Tx1s force conſiſts in the action only, and remains no 


longer in the body when the action is over. For a body main- 


tains every new ſtate it acquires by its vis inertiæ only. Im- 


preſſed forces are of different origins; as, from percuſſion, 


« from preſſure, from centripetal force.” Sir Is AA NRWTOR's 


Math. Prin. vol. I. P- 3. 


From 
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From this and ſome other parts of Sir IsAAc's doctrine, it 
appears that matter has a power of moving, a power of remaining 
at reſt, a power of attracting, and a power of repelling. Now I 
am inclined to believe, that ſome of theſe powers owe their 
exiſtence in philoſophy to the power of Sir Is AAc's inventive 
genius: his not knowing the cauſe Why all ſmall bodies ſhould 
have a power of perſevering i in motion, he concluded that it was 
an innate VIS in bodies independent of any cauſe, or that it was a 

primary quality i in matter. As the learned Author fancied this 
power independent of a cauſe, with the ſame warmth of imagina- 
tion he created a power in body, by the exerciſe of which it re- 
mained at reſt; ſo that by the force of thoſe powers all bodies 
reſiſted every new change. This was to be ſure a very ready way 


of philoſophizing (to give matter what properties we pleaſe), as 


it preſerves an advantage peculiar to itſelf ; for if we can but once A 
perform the act of deglutition, the mathematics ! is a never-failing | bi 
: digeſter. But I think we never can pretend to ſay, that there is OT bi 
. be found ſuch a property in bodies as an innate vis of remaining | 
at reſt; for certain it is that the following experiment demon- 


ſtrates that no ſuch power has exiſtence: ov — 


Taxz two bodies of equal magnitude, the one of wood, the pi 
other of iron, let them be turned as perfectly round as poſſible, | 
And as perfectly poliſhed : when they are thus prepared, lay them BY -- 
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on a Gnooth ſurface, ſuch as a fine poliſhed marble, looking-olaſs, 
or a piece of ice. Now, if the bodies have any innate power of 
perſevering in that ſtate you put them in, it will here diſcover it- 
ſelf; for if it does exiſt, it mult be in every particle of which the 
bodies are compoſed; and as we have no other way of knowing 
the quantity of matter in a body but by its ſpecitic gravity, we 
muſt conclude, if one body is to the other as 12 to (let the vis 
4:ertie be in what proportion to gravity it may), that it ſhould re- 
quire twelve times the force to move the ball of ; iron as to move 
the ball of wood: e. gr. ſuppoſe the ball of iron to weigh twelve 
pounds, the ball of wood one pound ; now, fay that the vis inertie 
in the ball of wood is equal to any ſtated quantity, ſuppoſe we ſay 
an ounce, or ſuppoſe we ſay the whole reſiſtance given to the 
power employed to move the body ariſes from the vis inertiæ in 
the body (inſtead of the inequalities of the ſurfaces); then, if the 
force required to move the ball of wood be equal to one ounce, 
the force neceſſary to move the ball of iron ſhould be equal to 
twelve ounces. But unfortunately for the advocates of this 
doctrine, we find the reſiſtance of the ball of i iron not one fourth 
part of the twelve ounces where then is the vir inertiæ? At 
the ſame time that we have here a demonſtration that bodies have 
no power ſtampt on them by the Creator, by the force of 
which they maintain every new ſtate acquired, we have a 


further conformation of that property in bodies w hich has been ſo 


2 ſtrenuouſſy 


Py 
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Rrenuoully contended for in the preceding part of this work, viz. 


of pen ſevering in motion in every direction, for if thoſe balls are 


bowled on the ſurface of the ice with the ſame degree of force, 


it will require much more power to {top the iron bali than to ſtop 


the wood. Now, why are we to ſupport theſe opinions of inert- 


neſs, attraction, &c.? Is it becauſe we have fo many inge: jious 


: | 3 | „ 3 5 | „ Wo | 
mathematical demonſtrations of theſe powers? If what uſe is a 


demonſtration of a power that never exiſted but in the fancy of 


an ingenious mind? Or is it from a weakneſs of faith that we 


cannot credit the exiſtence of a De1 rr, without having it mathe- 


matically demonſtrated ? Certainly there can be ao danger of 


encour aging Atheiſm by allowing active principles i in matter; as 


in the firſt place, nine tenths of the world never think; and 


ſecondly, tkoſ e that do, never can be ſo loſt as to conceive it a 


jumble of atoms without deſign, 4 as there are legible characters as -- 


the profo undeſt wiſdom. 


Tur ParR or PRoJECTILES. The line deſcribed by the 


fight of a projectile ſerves to explain the property of the me- 


dium that ſorrounds the earth. Ga LI TEO, after him his diſciple 


"PORRECELL], conſidered the curve deſcribed by a projectile to 
be ver M near a parabola ; : theſe ingenious men Were follow ed i in 
opinion by Mr. ANDERSON, Monſ. BLONDE, Dr. Ha LI Ex, Sir 


Is A Ac NEwrox, &c. Indeed Sir Isa Ac obſerves, that the re- 


ſiſtance of the air is too ſenſible to be neglected. 
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| Fx vol. II. book iii; page 230, we find the quantity of reſiſt- 


ance, according to this Author, given to all globes, how you 


lo ever, and moved with whatever velocity, 


« That the motions of the planets in the heavens may ſubſiſt an exceed. 


66-' 5. „ 177 
ing long time, 


« In the ſcholium of prop. 40, book it. I have ſhewed that a 
« globe of water frozen into ice, and moving freely in our air, in 
the mean time that it would deſcribe the length of its ſemidia- 
meter, would loſe by the refiſtance of the air 5+ part of its mo- 
8 tion; and the ſame proportion holds nearly in all globes, how 
2 great ſoev er, and moved with whatever velocity, ” But from a 
great number of experiments made with cannon balls, it is found 
that the learned Author was greatly miſtaken, in ſuppoſing that the 
proportion held nearly in all globes, how great ſoever, and moved 
with whatever velocity ; ; ſince we find that the reſiſtance occa- 
froned by elaſtic mediums, the cauſe why gravity acts in propor- 
tion to the quantity of matter in the body was ſo little known, 
we need not wonder that the path of a projectile was ſo ill de- 
ſcribed. Plate VI. fig. 3. points out the difference between the 

theory of the mathematician and practice: A AA is the line de- . 

leribed by the former, and BBB that of the latter, the dotted 

line the plane of the horizon. From this we learn, although the 
power of gravity. is ſo conſiderable, yet. the reſiſting 8 


under 
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under certain circumſtances even 0 that power: plate VI. 
fig. 4. may throw ſome light upon the cauſe. Suppoſe the ball E 


to be a body projected from a cannon in a horizontal direction; 
the number of powers acting on this body are five; firſt, the im- 
pulſe from the cannon which acts at A; ſecondly, the central or 
reactive force at B; thirdly, the reſiſtance of the air at C; frr7hl,, 
2 reſiſtance from the medium being more compreſſed at D than 
at E. owing to the ſurface of the earth ; fi thy, the vis motrix or 
power of per ſevering i in motion in any direction ; this power may 
be conſidered in the center at E, ſo that it will always act with that 
force that carries the body through the greateſt quantity of ſpace. 


Now, the reſiſtance being much more from D to C, than from C 


to B, when this power (from the violent motion ef the ball com- 


preſſing the elaſtic medium) exceeds the central power B, the 
ball mult neceſſarily riſe above the level of the piece. * hat this 
will be the caſe, when the ball is projected with conſiderable ve- 
locity, I am perfectly ſatisfied; as I find from ſome expcriments 


made with a lath, the reſiſtance of the air, w hen bodies are forced 


through it with a conſiderable velocity, increaſe i in a very high 


proportion. A further motion neceſſar ily reſults from the ion 


of theſe powers; the power on the body at D and C exceeding 


the power from C to B, the body conſequently turns ſwiftly 


round from Cto D, &c. but this is not the only cauſe why thoſe 


bodies ſhould have ſuch a motion, for the inequalities of their 


ſurfaces will produce ſuch an effect. 
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Lau happy to find the ingenious Author of the new Cyclopædia 


takos particular notice of the phenomenon of a large ball flying 


further than a ſmall one; as ſuch authority may probably engage 


the learned world to examine how far the fact is reconicidedtlle to 


the principles of this philoſophy, more eſpecially as Our ingenious 


- neighbours the French have, by exper iments, undeniably proved the- 
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exiſtence of a power which produces this effect. The paſſage relat- 
ing to this ſubject i in the Cy "yclopedia will be found under the article 
gunnery. The advantage of large gun or cannon over thoſe 
of a ſmaller bore is generally acknowledged. This advantage, 
ſays Mr. Rozins, ariſes from ſeveral circumſtances, particularly 
in diſtant cannonading. The diſtance to which large bullets fly 
with the ſame proportion of powder, exceeds the flight of the 


06 ſmaller ones almoſt i in proportion to their diameters ; ſo that a 


thirty-two pound ſhot, for inſtance, being ſomewhat more than 


{ix inches in diameter, and a nine pound ſhot but four inches, 


0 the thirty-two pound ſhot will fly near half as far again as the 


66 


nine pounds, it both pieces are ſo dovited as to range to the 


fartheſt diſtance poſſible. The reaſon of this is the extreme 


great reſiſtance of the air, which is ſuch, that the diſtances to 
which bullets fly is more regulated by this reſiſtance, than by 
the velocity they receive from the powder, and the larger 
bullets are leſs reſiſted in proportion to their weight than the 
ſmaller ; ſo that their reſpective ranges are found to be nearly 


in the proportion of their diameters. 


+1 81s 
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* Tuts advantage in the range of the heavier bullet will not 
& be eaſily counterbalanced by increaſing the charge of powder 
„ allotted for the ſmall bullet. For though the ſwiftneſs of this 
« laſt, at its iſſuing from the piece may be thereby greatly in- 
e creaſed, yet the diſtance to which the bullet will fly is thereby 
but little influenced; as all this increaſe of velocity is ſoon 
taken away by the reſiſtance of air, which increaſes much faſter. 
his aſſer tion might ſeem a paradox, but it is ir refragably 


00 eſtabliſhed by ſome experiments made "7 the French.” 


ALL this is certainly contradictory to the generally received 
opinion of gravity, which, whether it was ſuppoſed to proceed 
from ſome power in the earth pulling | bodies towards its center, or 

from an innate vis in bodies themſelves, or from the preſſure of an 
external agent, was always conſidered under every circumſtance, 
whether at reſt upon the ſurface, or in motion through the air, as 
acting in proportion to the quantity of matter, or ſpecific weight of 
bodies; ſince, however, theſe ſtubborn facts abſolutely prove the 
contrary, we ſhould be judicious enough to let them take place of 
an opinion only ſuperficially framed, from obſerving that a cubical 
inch of lead was heavier than a cubical inch of cork, as well with 


aur antipodes as with us, | 
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A sxvsTrEM of phyſics muſt be liable to many objections that 
does not equally apply to the ſolution of all the celeſtial motions ; 
the conjunction which will ſhortly take place between jupiter and 
ſaturn is well worthy the attention of philoſophers, and affords 

ground for nice ſpeculation. —It does not appear from my calcu- 

lation of the ſizes of their atmoſpheres, that they will c come quite 

in contact, but it is very poſſible the powers and diſtances whereon 
: theſe calculations are founded may not be quite correct; ſo that I 
think it extremely probable their atmoſpheres may interfere with 
; each other, and if ſo, the motions both of ſaturn and jupiter upon 
their axes mult be impeded, and by conſequence the revolutions | 
of their ſatellites muſt be proportionally flower; and ãt is obvious 

their neareſt ſatellites will be more ſenſibly affected on this occa- 
fron (if the principles here laid down are juſt) than if the motions 


of theſe planets are regulated boy's the centripetal and centrifugal 
jaws . 


iQvery. Is it not from ſirius that the ſun meets the greateſt 
reſiſtance ? Is not the vicinity of this body the grand cauſe of all 
the motion in our ſyſtem? Is not this idea ſupported by the 
earth being found neareſt the ſun (when between thoſe two bodies) 


as from the nature of compreſſion this would be an inevitable 


conſequence ? 


(!). The figure, plate VII. repreſents the earth and its atmoſphere in true proportion, with 
the armoſphere replete with watery particles. 
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N vol. I. Fogitire 1 Pieces, publiſhed I believe by Dr. 


- Tounson, i is a paper entitled, A Review of Four Letters from 


Sir Is 4A c Nx wrox to Dr. BexTLY, containing ſome arguments 


in proof of a Derry. 


TxxsE letters, coming from the pen of this great man, contain 


very intereſting matter, I ſhall content myſelf with . tranſcribing - 


the firſt. As to your firſt query, it ſeems.to me that if the 


matter of our ſun and planets, and all the matter in the uni- 


1 verſe, were evenly ſcattered throughout all the heavens, and 


40 every particle had an innate gravity towards all the reſt, and 


«. the whole ſpace throughout which this matter was ſcattered | 


« was but finite ;. the matter on the outſide of this ſpace would 


40 by its gravity tend towards all the matter on the inſide, and by 
. conſequence fall down into the middle of the w hole ſpace, and 


there. 
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there compoſe one great ſpherical maſs. But if the matter was 


evenly diffuſed throughout an infinite ſpace, it would never 


convene into one maſs 3 but ſome of it would convene into one 


maſs and 3 into axiothier, ſo as to make an infinite number 


of 1 alles, ſcattered at great diſtances from one to another 


"my 


Thout all that infinite ſpace. And thus migh t the ſun and 


fixed fiork be formed, ſuppoſing the matter were of a lucid na- 


ture. But how the-matter ſhould divide itſelf into two forts, 
and that part of it which is fit to compoſe a ſhining body 


ſhould fall down into one maſs and make a ſun, and the reſt 


which is fit to compoſe an opaque body ſhould coaleſce, not 


into one 91 great body, like the ſhining matter, but into many 


little ones; ; or if the ſun at firſt were an opaque body like the 


ſhould be changed into a ſhining body, whilit they all continue | 


opaque, or all they be changed into opaque ones, whilſt he re- 


mains unchanged, I do not think more explicable by mere natural 


cauſes, but am forced to aſcribe it to the counſel and contriv- 


ance of a voluntary agent.“ The difficulty Sir Is AAC here la- 


bours under, re eſpecting the lucidity and opacity of the heay cnly 


bodies, would have been eaſily remos ed, had he been forticndte 
enough ro have conceived juſt ideas of the fimplicity and _—_Y 


for nity of nature: t. hat is, had he conceived the ſun and planets 


| 


vere all compoſed of ſimilar materials, all acting in the ſame 


2 | manner, 
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manner, and by the ſame laws, viz. the elaſtic particles continually 


forcing from each body, through the interſtices of the nonelaſtic 
matter ſurrounding their ſurfaces. Had he conſidered the ſubject 


under this idea, he would not have been at a loſs to know why 


the ſun appears lucid, and the planets opaque; nor would he 
have heſitated a moment to declare, why the ſun produces ſo 
much more heat than any other body; he would have informed 
us, that light and heat aroſe from the ſame cauſe; and therefore 
that the ſun appears more luminous, and furniſhes a greater quan- 


tity of heat, by the ſame rule that a large fire appears brighter, | 


and communicates a larger portion of warmth than a ſmall one; 


which! is obviouſly owing to the ſuperior quantity, as well as the in- 


creaſed velocity of the elaſtic particles. He would have conſidered. 
the ſun to have had a prodigious atmoſphere, formed of the wa- 


tery particles forced up by the action, and compreſſed by the 


reaction of his elaſtic matter: deducing hence, that the tempera- 


ture of the ſun is very different to the ſuperficial ideas we have 
formed thereof, and that it is, in all probability, as properly 
adapted for the reception of inhabitants as this terraqueous globe 


of ours, or any of the other planets. | He would have ridiculed 


the idea, that the comparative brightneſs obſervable i in the moon 


during a total eclipſe proceeds from the refr action of a few ſcat- 


tered rays, but would have derived it from the natural quantity 


of matter iſſuiag from her body. He would have explained alſo, 
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why the ſun and ſtars are fixed, and would have pointed out the 
ſigns, the conſtellations, nay, even the very ſtars whereby the- 
ſun is moſt reſiſted ; purſuing the idea, he would have traced the 
motion of the earth in her orb, and ſhewn the cauſe of true and 
apparent time. Having delineated this irregular” track, he would 
have proceeded to fix preciſely the aphelion, and perihelion of the 


bother planets; 5 and have noticed how jupiter affects the motion 


of ſaturn and his ſatellites, and how ſaturn affects jupiter and 

his attendants in return. He would have elucidated and pr oved. 

| theſe various poſitions mathematically, ſhewing that the various. 
phenomena of nature are the effect of a certain mechanical agent 


acting by contact, and without the aſſiſtance of any intermediate 
meſſengers to veer and haul the halyards of attraction. The 


Carteſians would have been convinced by his RY that the 


hypotheſis of vortices was inconſiſtent; they would have been: 


ſatisfied that no firſt motion, in the manner ſuggeſted by their 
- leader, is ſufficient to keep up that conſtant action obſerved 
throughout the univerſe, but would had recourſe to a continued 


ſucceſſion of impulſes, proceeding from the various bodies, thoſe 
great inexhauſtible repoſitories of matter. 


To coxc LUDE, let us take a comparative view of the N ewtonian 
theory and that which is now offered. 


—Sir ISA Ac avers, the 
various phenomena of the heavenly bodies are produced by 


5 attraction, 
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attraction, that every particle in nature is attracted by every 
other particle; hence another conſequence, that all matter muſt 
be homogeneous, poſſeſſed of ſimilar properties, and acting by 
one univerſal law. Were this the caſe, can we conceive there 
could be any ſuch thing in the univerſe as loco- motion? Would 
not all matter coaleſce and form iato diſtin& bodies, and when 


once ſettled, for ever remain ſo without the leaſt alteration ? It i is 


true, if we ſuppoſe the body of the ein attracts the bodies of the 
various planets, that theſe planets were firſt projected or put in 
motion by the arm of the AL MIG UTY, we can readily enough 
conceive they would revolve round him in circular orbs ; but, if 
every particle in nature attracts every other particle, how is it 


: poſſible the ſun ſhould emit rays of light or matter? Would not 


his attraction, inſtead of producing ſuch effect, prevent the poſſi- 


bility of any ſuch action? From this, as well as numerous other \þ 
phenomena of the heavenly bodies, it is demonſtrated, that every i 
particle 1 in nature is not homogeneous, does not attract every other it 


particle. But deſcend to the minute world; obſerve the vari- 
ous phenomena which every where offer themſelves to the exami- 


nation of our ſenſes, and we ſhall be poſſeſſed, if poſſible, of ſtill 
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more indubitable proofs that matter is not homogeneous ; that 
there 15 not in nature any ſuch property as attraction. It may be 
urged, That I have been endeavouring to refute poſitions which 
philoſophers never maintained, for they never ſuppoſed the ſun 


1 2 to 
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to be formed of ſuch matter as the earth and the planets are. How 
inconſiſtent is this, if the foundation of the doctrine of attraction 
and gravity be drawn from the power the earth has (in their own 
words) of attracting all ſmall bodies towards its center; muſt not 
the ſun be compoſed of ſimilar materials, to be poſſeſſed of the 


ſame properties? To aſſert the one without allowing the other, 


is a N abſurdity. 


Ac CORDING to the pr inciples here laid down, all bodies are com- 
pounded of ſimilar matter, but of two diſtinct heterogeneous ſorts, 
viz. active, elaſtic, and paſſive, inert particles. I need not adduce 
any proofs that claſtic matter (diſguiſed under whatever name of 

; ancient or modern invention or application, whether pneuma, 
fine ſubtle #ther, electric fluid, phlogiſton, &c. &C. for I do not 
heſitate to aſſert that theſe are all one and the ſame, though per- 
haps theſe terms, if properly defined, might be uſed to expreſs 
its different modifications) is an univerſal principle: we can extract 
it from every ſubſtance; and the rays of matter from the ſun are 
preciſely the ſame: but, to produce ſuch action and thoſe appear- 
ances we obſerve in the ſun, it is neceſſary that another ſpecies 
of matter be added, which, by its paſſivity, counteracts the other- 
wiſe deſtructive power of this active principle ; ; the bod) y of the * 
ſun cannot be compoſed of this elaſtic ſpecies of matter only, 


ſince without the paſſive matter the expanſive particles could not 


be 


— 
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be kept together, but would diffuſe and ſpread over the whole 
ſpace; hence we are furniſhed with evidence, if we may be 
allowed to reaſon from analogy, that the ſun and the earth are 


bodies compoſed of ſimilar properties; and by the ſame mode of 


reaſoning we infer, that all the other planets, ſatellites, comets, 


and fixed ſtars, are preciſely of the ſame deſcription. Now, if 
all the Heaven bodies are homogeneous to each other, but hete- 
rogeneous in themſelves, it follows, all muſt act ! in the ſame man- 
ner and by the ſame laws; the moſt general whe reof is the conti- 
nual emilſion of elaſtic matter, which at certain diſtances from 


each body will be reſiſted, viz. where the particles emitted by 


the ſurrounding or the preſcribing body are of ſimilar denſity, 


and there may the confines of its atmoſphere or power be placed, 


It is evident the particles of elaſtic matter do reſiſt each other, 


from a great variety of experiments, but it 1s more particularly 


pr oved, that this reſiſtance takes place when the particles are of 
ſimilar denſity, by applying the two north or two ſouth ends of 


magnets towards each other, or two bodies i in a poſitive or nega- 


tive ſtate of electricity; the particles of matter iſſuing from each, 


being of the ſame denſity, reſiſt each other's progrels, and impel 
the bodies backward. 


'Tavs nature explains herſelf, and clearly points out the laws 


whereby ſhe performs her operations; and theſe laws, taking her 


phenomena 
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phenomena collectively, or examining any minute appearance, 
will furniſh us with a conſiſtent explanation thereof ; that is, the 
effect will be found ſuch as theſe laws muſt neceſſarily occaſion : 
for inſtance, if all the heavenly bodies are formed upon theſe 
principles, their action upon each other mult be ſuch as nature 
does actually produce; hereby we conceive how the ſun is ſup- 
ported, and why he turns upon his axis: the annular and diurnal 
revolutions of the planets are conſequent of this motion, and in 
like manner the ſatellites are governed by the ſame action of their 
primaries. Is not the ſlow motion of the moon in her or bit round 
the earth, her fixidity upon her axis, and her innumerable j irre- 
gularities, the neceſſary effect of her peculiar ſituation! ? Docs 
not the rapid velocity with which jupiter turns upon his axis 
ariſe from his magnitude and diſtance from the ſun? Does not 
this theory explain the phenomena of comets, ſimply and ratio- 
nally ? 2 Is not their peculiar mode of action the inevitable conſe- 
quence of their inequality of power on different ſides ? Is not 
the ebbing and flowing of the ſea a neceſſary effect of the com- 
preſſion of the earth's atmoſphere by the intervention of the 
moon? Are not the abſtruſe phenomena of attractions, of gra- 
vity (or the falling of bodies), of magnetiſm, of electricity, of 
coheſion, of volcanos, &c. conſequent operations of the action and 
reaction of matter, regulated by the paſſive principle? Does not 
the phenomena of reflection, the formation of the clonds, lightning, 


water 
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water-ſpouts, light and heat, &c. prove that matter is endued 
with theſe properties? that theſe are its inherent laws, ſtampt 
thereon by the wiſdom of the Dziry, when his power firſt called 
it into exiſtence ? If theſe are not the laws of nature, that is, if 
the elaſtic matter is not continually paſſing through the interſtices. 
of the nonelaſtic, tell me why the pacific ocean, at any ſmall depth, 
is not one ſolid rigid maſs of ice? ”— 
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